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"We made from water every living thing" 
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Abstract 
 
The release of the Millennium Development Goals and the Sustainable Development 
Goals water targets bring global countries together to achieve the same focus on 
improving access to safe water provisions. However, for developing countries, this is 
a big challenge since they have several hurdles to face to expand their water supply 
coverage, especially due to financial constraints. The challenge is more severe for 
municipal governments and the authorities of urban water management at city level. 
This thesis presents a case study of the Indonesian Kabupaten Bekasi municipal 
government in tackling those challenges.  
Currently, Cikarang, the urban centre of Kabupaten Bekasi, faces specific challenges 
of water supply fragmentation and deterioration in water resources, which is affected 
by industrialisation and new towns development. However, current urban water 
management cannot tackle these challenges properly because many areas of the city 
are not being serviced by proper piped water supply. Moreover, groundwater, as the 
most accessed water source, is deteriorating. On the other hand, piped water supply 
providers (WSPs) that currently supply the city are not adequately monitored for 
performance insurance. A consumer perception survey conducted to evaluate the 
performance of sampled piped WSP showed that significant differences exist 
between respondent expectations and perceptions, meaning that piped WSP did not 
deliver services as expected by most respondents. Moreover, customers perceived 
that privately-owned WSP perform better than government WSP. Further 
investigation about the performance of community-based water supply (CBWS) 
institutions based on Ostrom’s design principles show that management of most 
sampled CBWS institutions was absent, and one the CBWS institutions was weak. The 
CBWS institutions were also unable to comply with safe water standards, and they 
did not make substantial effort to ensure groundwater sustainability as their water 
sources. Both investigations lead to the recommendation to conduct and improve 
performance monitoring on every WSP to ensure they meet the Sustainable 
Development Goals (SDGs) expectations of water continuity, supply pressure, water 
quality, and tariff affordability. Also, there is a need to differentiate standard 
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measurements between the WSP who delivers water at drinking water quality and 
water for other household purposes such as bathing and washing clothes.  
Regarding municipal government duty to fulfil human rights to water, a household 
survey showed that this right was not fulfilled to all the population, and it was not 
only affecting the poor. It mostly affected people who lived in groundwater-scarce 
areas without piped water services. They have to pay up to 55% of their income to 
fulfil minimum water requirements, which comes from water vendors. On the other 
hand, wealthier people, who receive excellent piped water services, consume 
significantly more water than the rest of the population. This leads to another 
recommendation for municipal governments to prioritise piped water expansion to 
the most affected areas, and to promote a water-demand management approach for 
the entire population, especially the use of water efficient devices and rainwater 
harvesting. The use of rainwater harvesting is encouraged because the research 
showed that it can supply water for the whole year so long as households can manage 
their consumption. A communal system can fulfil household minimum needs (50 
litres per capita per day), and even though an individual system cannot fulfil 
household minimum requirements, it can still be used to fulfil basic needs of 20 litres 
per capita per day. However, the initial cost of building rainwater harvesting (RWH) 
can be a barrier for common households, thus leading to the recommendation for a 
subsidy from governments.  
  
viii 
 
Table of Contents 
 
Chapter 1. Introduction ............................................................................................ 1 
1.1. Research aim and objectives ............................................................................. 3 
1.2. Scope of Research ............................................................................................. 4 
1.3. Thesis Structures ............................................................................................... 4 
Chapter 2. Literature Review ................................................................................... 8 
2.1. Introduction ....................................................................................................... 9 
2.2. The Millennium Development Goals: drinking water target .......................... 11 
2.3. Sustainable Development Goals: the post-2015 agenda ................................ 13 
2.4. Sustainable Urban Water Management ......................................................... 16 
2.5. Modes of urban water supply in developing countries .................................. 19 
2.6. The performances of urban water supply in developing countries ................ 21 
2.7. Urban water-demand management approach ............................................... 23 
2.8. Research questions.......................................................................................... 24 
Chapter 3. Challenges to urban water management in Cikarang, Indonesia ........ 26 
3.1. Introduction ..................................................................................................... 27 
3.2. Study Area ....................................................................................................... 29 
3.3. Water supply fragmentation in Cikarang ........................................................ 30 
3.3.1. The public water service provider, PDAM Tirta Bhagasasi ...................... 31 
3.3.2. The private piped water service providers............................................... 33 
3.3.3. Community-based water supply (CBWS) ................................................. 35 
3.3.4. Self-provision ............................................................................................ 37 
3.3.5. Water vendor and water refill station ..................................................... 40 
3.4. Diminishing quality of urban water resources ................................................ 42 
3.4.1. River water quality ................................................................................... 42 
ix 
 
3.4.2. Groundwater quality ................................................................................ 45 
3.4.3. Drinking water quality .............................................................................. 47 
3.5. Conclusion ....................................................................................................... 50 
Chapter 4. Analysing piped water service provider performance based on 
consumer perceptions ................................................................................................ 51 
Abstract .................................................................................................................. 55 
Keywords ................................................................................................................ 55 
4.1. Introduction ................................................................................................. 55 
4.2. Performance indicators for sustainable development ................................ 58 
4.2.1. Water continuity .................................................................................. 59 
4.2.2. Supply pressure .................................................................................... 59 
4.2.3. Water quality ........................................................................................ 59 
4.2.4. Tariff affordability ................................................................................. 60 
4.3.  Methodology ............................................................................................... 60 
4.3.1. Study site and current conditions ........................................................ 60 
4.3.2. Data collection and analysis ................................................................. 64 
4.4. Results ............................................................................................................. 67 
4.4.1. Respondent profiles ................................................................................. 67 
4.4.2. Consumer perception survey as a tool to indicate WSP performance .... 69 
4.4.3. Gap between expectation and perception .............................................. 71 
4.4.4. Comparison of WSP performance ............................................................ 72 
4.5. Discussion ........................................................................................................ 75 
4.5.1. Setting relevant targets ............................................................................ 75 
4.5.2. Large vs small WSPs ................................................................................. 79 
4.6. Conclusion ....................................................................................................... 80 
Chapter 5. Community-based water supplies in Cikarang, Indonesia: are they 
sustainable?  .............................................................................................................. 82 
x 
 
Abstract .................................................................................................................. 86 
Keywords ................................................................................................................ 86 
5.1. Introduction ..................................................................................................... 86 
5.2. CBWS sustainability and Ostrom’s institutional design principles .................. 89 
5.2.1. Clearly defined boundaries ...................................................................... 90 
5.2.2. Congruence between appropriation and provision of rules and local 
conditions ........................................................................................................... 90 
5.2.3. Collective-choice arrangements ............................................................... 91 
5.2.4. Monitoring ................................................................................................ 91 
5.2.5. Graduated sanctions ................................................................................ 92 
5.2.6. Conflict-resolution mechanisms ............................................................... 92 
5.2.7. Minimal recognition of right to organize ................................................. 93 
5.2.8. Nested enterprise (for CPRs that belong to a larger system) .................. 93 
5.3. Methods .......................................................................................................... 93 
5.3.1. Study area ................................................................................................. 93 
5.3.2. Institutional arrangement ........................................................................ 96 
5.3.3. Data collection .......................................................................................... 96 
5.3.4. Analysis ..................................................................................................... 98 
5.4. Results and discussion ..................................................................................... 99 
5.4.1. Clearly defined boundaries .................................................................... 100 
5.4.2. Congruence between appropriation and provision rules and local 
conditions ......................................................................................................... 100 
5.4.3. Collective-choice arrangement .............................................................. 108 
5.4.4. Monitoring .............................................................................................. 110 
5.4.5. Graduated sanctions .............................................................................. 111 
5.4.6. Conflict resolution mechanism............................................................... 111 
5.4.7. Minimal recognition of right to organize ............................................... 112 
xi 
 
5.4.8. Nested enterprise ................................................................................... 113 
5.5. Conclusion ..................................................................................................... 113 
Chapter 6. Non-potable water quality standards for Indonesian water distribution 
systems  ............................................................................................................ 115 
Abstract ................................................................................................................ 116 
6.1. Introduction ................................................................................................... 116 
6.2. Methods ........................................................................................................ 118 
6.3. Results ........................................................................................................... 118 
6.3.1. Water quality: performance monitoring result versus customer perception
 .......................................................................................................................... 118 
6.3.2. Indonesian regulation on drinking water standards and water quality 
monitoring procedure ...................................................................................... 120 
6.3.3. Indonesian drinking water quality based on performance monitoring . 121 
6.3.4. Factors affecting Indonesian WSP produce non-potable water quality 122 
6.3.5. Two examples of drinking water standard delivery in Indonesia .......... 129 
6.4. Discussion ...................................................................................................... 130 
6.4.1. The need to distinguish drinking water and non-potable water standard
 .......................................................................................................................... 130 
6.4.2. The implication to SDG drinking water monitoring protocol ................. 131 
6.4.3. The need for further research on non-potable water standards and water 
storage procedures .......................................................................................... 132 
6.5. Conclusion ..................................................................................................... 132 
Chapter 7. The human right to water and willingness to adopt water demand 
management approaches ......................................................................................... 134 
Abstract ................................................................................................................ 138 
Keywords .............................................................................................................. 138 
7.1. Introduction ................................................................................................... 138 
7.2. Methodology ................................................................................................. 140 
xii 
 
7.2.1. The human right to water ...................................................................... 140 
7.2.2. Water demand management for developing countries ........................ 142 
7.2.3. Study area ............................................................................................... 144 
7.2.4. Household surveys ................................................................................. 144 
7.3. Results and discussion ................................................................................... 147 
7.3.1. The human right to water ...................................................................... 147 
7.3.2. Water demand management ................................................................. 154 
7.4. Conclusion ..................................................................................................... 157 
Chapter 8. Assessment of rainwater harvesting as an alternative water source for 
rural Indonesia .......................................................................................................... 159 
Abstract ................................................................................................................ 163 
Keyword ................................................................................................................ 163 
8.1. Introduction ................................................................................................... 163 
8.2. Methodology ................................................................................................. 165 
8.2.1. Installation cost ...................................................................................... 166 
8.2.2. Water consumption................................................................................ 168 
8.2.3. Water quality .......................................................................................... 168 
8.3. Result and discussion .................................................................................... 168 
8.3.1 Installation Cost ....................................................................................... 168 
8.3.2 Water consumption................................................................................. 171 
8.3.3. Water quality .......................................................................................... 174 
8.4. Conclusion ..................................................................................................... 174 
Chapter 9. Conclusion and Recommendations .................................................... 176 
9.1. Summary and Conclusion .............................................................................. 176 
9.2. Recommendations......................................................................................... 179 
 
  
xiii 
 
List of Tables 
 
Table 2-1. Sustainable Development Goal 6, targets and indicators ......................... 14 
Table 2-2. The JMP drinking water ladder ................................................................. 15 
Table 3-1. Selected indicators of PDAM TB performance from 2011 to 2015........... 31 
Table 3-2. PDAM TB service comparison from 2012 to 2015 .................................... 32 
Table 4-1. Population size and households included in the study ............................. 63 
Table 4-2. Profile of respondents. .............................................................................. 66 
Table 5-1. The strength of design principles for each CBWS institution. ................... 98 
Table 5-2. CBWS coverage, number of connections, and water consumption 2015. 99 
Table 5-3. CBWS water quality. ................................................................................ 103 
Table 5-4. CBWS tariff 2015. .................................................................................... 105 
Table 6-1. Drinking water standards for three selected parameters....................... 120 
Table 6-2 PDAM TB number of monitoring samples taken for microbiological 
parameters in 2014 - 2015 ....................................................................................... 124 
Table 6-3. Selected PDAM performances from 2013 - 2015 ................................... 130 
Table 7-1. Number of samples and water users grouping. ...................................... 145 
Table 7-2. Percentage of household spending for drinking water ........................... 153 
Table 8-1. RWH descriptions and installation costs ................................................. 169 
Table 8-2. Rainwater quality .................................................................................... 173 
 
  
xiv 
 
Table of Figures 
Figure 2-1. Modes of urban water supply, adopted from Bakker (2010) .................. 19 
Figure 3-1. Map of Kabupaten Bekasi ........................................................................ 28 
Figure 3-2. Type of water supply delivery in Cikarang ............................................... 30 
Figure 3-3. Percentage of domestic pipe water service coverage in Cikarang in 2015
 .................................................................................................................................... 36 
Figure 3-4. Spaghetti distribution system .................................................................. 38 
Figure 3-5. Water vendors .......................................................................................... 39 
Figure 3-6. Household drinking water sources in Kabupaten Bekasi in 2010 ............ 41 
Figure 3-7. TSS, COD, Phosphate and Total coliform concentration in 2014............. 42 
Figure 4-1. Map of the study Area ............................................................................. 60 
Figure 4-2. Percentage of score of respondent expectations and perceptions of each 
PI. ................................................................................................................................ 68 
Figure 4-3. Gap between respondents' expectation and perception. ....................... 70 
Figure 4-4. Mean rank of respondent perceptions of WSP performances. ............... 71 
Figure 4-5. Normalized mean rank based on total score of respondent perceptions by 
WSP............................................................................................................................. 72 
Figure 4-6. Percentage of respondents feeling less satisfied (score 1 and 2). ........... 73 
Figure 4-7. PDAM TB performance 2011-2015. ......................................................... 74 
Figure 5-1. Water tank in Pasirsari, Cikarang. ............................................................ 94 
Figure 5-2. Location of sampled CBWS institutions. .................................................. 97 
Figure 6-1 Percentage of water samples comply total coliform standards from January 
2014 - December 2015. Source: MHA. ..................................................................... 127 
Figure 7-1 (a) Willingness to subscribe to PDAM TB service, (b) Reason for being 
unwilling to subscribe to PDAM TB service .............................................................. 149 
Figure 7-2. Water tariff per 10 m3 consumption ...................................................... 152 
Figure 8-1. Rainwater collection system in Kampung Cimahi .................................. 166 
Figure 8-2. Rainwater harvesting system installed in Kampung Cimahi .................. 167 
Figure 8-3. Household A monthly water consumption per capita per day .............. 170 
Figure 8-4. Household B monthly water consumption per capita per day .............. 170 
Figure 8-5. Household C monthly water consumption per capita per day .............. 170 
  
xv 
 
Glossary of Abbreviations and Terms 
 
BPPSPAM Badan Pendukung Pengembangan Sistem Penyediaan Air 
Minum/Water Supply System Development Support 
Agency 
Desa Village 
IDR Indonesian currency (rupiah). In this thesis, USD 1 equals 
to IDR 13,000 
Kecamatan Sub district 
Keppres Presidential Decree 
lpcpd litre per capita per day 
MDGs Millennium Development Goals 
MEA Municipal Environment Agency 
MHA Municipal Health Agency 
Modern housing complex A housing complex built by a developer 
MOH Ministry of Health 
MPWPH Ministry of Public Work and Public Housing 
Name-brand water Water in a bottle or container, refilled in a factory 
New town Modern housing complex equipped with supporting 
facilities sometimes built side by side with an industrial 
estate 
Permendagri Peraturan Menteri Dalam Negeri /Ministry of Home 
Affairs regulation 
Permenkes Peraturan Menteri Kesehatan /MOH regulation 
PP Peraturan Pemerintah /Government regulation 
Refilled water Water in bottle container, refilled from a refill station 
RT Rukun Tetangga/ neighbourhood groups 
RW Rukun Warga/Community groups 
RWH Rainwater harvesting 
SDGs Sustainable Development Goals 
xvi 
 
Water refill station Local businesses that sell purified water, using reverse 
osmosis technology, and are typically refilled into a 
consumer's (usually 19-litre) bottle container 
WSP Water supply provider. Name of each WSP in the text is 
abbreviated because there are a few WSPs who did not 
give consent for their names to be published. 
  
xvii 
 
Publication to Date 
 
1.  Raden Ajeng Koesoemo Roekmi. 2017. Safe water at premium. Inside Indonesia 
127 Jan - Mar 2017.  
 https://www.insideindonesia.org/safe-water-at-a-premium. 
2.  Raden Ajeng Koesoemo Roekmi, Kanagaratnam Baskaran and Lloyd HC Chua. 
2018. Community-based water supplies in Cikarang, Indonesia: are they 
sustainable? Natural Resources Forum 42 (2019) pp 108-122.  
 https://onlinelibrary.wiley.com/doi/full/10.1111/1477-8947.12146. 
3. Raden Ajeng Koesoemo Roekmi, Lloyd HC Chua and Kanagaratnam Baskaran. 
2018. Analysing piped water service provider performance based on consumer 
perceptions. Utilites Policy 55 (2018) pp 79-89. 
 https://www.sciencedirect.com/science/article/pii/S0957178718301255. 
4. Raden Ajeng Koesoemo Roekmi, Llyod HC Chua and Kanagaratnam Baskaran. 
2018. Assessment of rainwater harvesting as an alternative water source for rural 
Indonesia. Proceeding of the 21st IAHR-APD Congress 2018. Indonesia. "Multi 
perspective water for sustainable development". Yogyakarta, 2 - 5 September 
2018. 
5.  Raden Ajeng Koesoemo Roekmi, Kanagaratnam Baskaran and Lloyd HC Chua. 
2018. The human right to water and willingness to adopt water demand 
management approaches. Under review for the Utilities Policy Journal. 
  
xviii 
 
Presentation at Conferences 
 
1. The 33rd Indonesia Forum Postgraduate Round Table. The University of 
Melbourne. 5 September 2015. Oral presentation. 
2. The Sustainable Water Management Conference 2015. Murdoch University. 29 
November - 3 December 2015. Oral presentation. 
3.  ASEASUK 2016 Conference. SOAS University of London. 16 - 18 September 2016. 
Oral presentation. 
4. The 21st IAHR-APD Congress 2018 Indonesia. Universitas Gajah Mada. 2 - 5 
September 2018. Oral presentation.
1 
 
 
 
 
 
 
 
 
 
Chapter 1. Introduction 
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The Sustainable Development Goals (SDGs) is the world agenda released in 2015 to 
combat global issues focusing on people, planet and prosperity. It consists of 17 goals 
which are hoped to be achieved by 2030 by the United Nations (UN) members to 
combat global issues through global partnership; from ending poverty and hunger in 
all forms, ensuring prosperous lives together with nature, to fostering peaceful, just 
and inclusive societies, and protecting our planet (UN 2015b, 2015c). Before the SDGs 
was released, the UN had also committed to a similar agenda, the Millennium 
Development Goals (MDGs), which was started in 2000 and ended in 2015. The MDGs 
came with seven goals, referring to similar global issues as the SDGs. 
Concerns about the world’s water crisis were included in the MDGs as target 7.c: to 
halve the proportion of the population without sustainable access to safe drinking 
water. In this agenda, the focus was to reduce number of people without access to 
safe drinking water, and according to a MDGs report (UNICEF & WHO 2015), the 
objective was achieved five years before the due date. When the MDGs was ended, 
despite the achievement of the drinking water target, the world still needed to tackle 
problems with water crisis, such as 663 million people who still lack access to safe 
water sources, and massive degradation of global water resources. These results led 
to the determination that some water targets should be part of the SDGs. These 
targets were placed together with sanitation as SDG 6, which include SDG 6.1 as the 
drinking water target: "to achieve universal and equitable access to safe and 
affordable drinking water for all" (replacing the MDG drinking water target), and six 
other targets related to water resources management. 
In the MDGs, drinking water target progresses were reported annually by countries 
to identify the performance of each country and compare it with the average 
performance of global and regional countries. When a country performs well, it 
reflects good water management of the water supply at national level. However, the 
achievement of MDG or SDG water targets at national level illustrates the condition 
of urban water supply at city level, thus reflecting strong commitments of the 
municipal governments who deliver the urban water management. Therefore, to 
improve the achievement of current SDG water targets at national level, greater 
attention should be given to the urban water management at city level.  
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Delivering sustainable urban water management (SUWM), as expected by the spirit 
of the SDG water targets, is complicated due to the global water crisis that the world 
has faced in the last three decades, which has never been experienced before. The 
crisis includes degradation of water resources, complex water utility management, 
high population growth, and disputes about allocating water for domestic activities 
and other sectors. The MDG drinking water target report (UNICEF & WHO 2015) 
showed that developing countries1 perform far lower than developed countries in 
the fulfilment of access to safe drinking water for their population. It shows that the 
global water crisis mentioned above affects developing countries more than it does 
to developed countries.  
Currently, the development of urban water infrastructure in developing countries is 
mimicking the "modern infrastructure ideal" from developed countries (Graham & 
Marvin 2002). Meanwhile, despite some similarities, the challenges and 
characteristics of developed and developing countries are different, especially in 
regard to financial support to develop and maintain the expensive water 
infrastructures (Marlow et al. 2013). Most developing countries are challenged by 
budget constraints (Grey & Sadoff 2007), but at the same time they need to provide 
adequate water for their population, which is significantly higher than populations in 
developed countries (UN 2014c). With these specific challenges, urban water 
management in developing countries should be designed specifically to tackle these 
challenges. However, currently, research about SUWM taking place in developing 
countries is limited compared to research conducted in developed countries. 
Therefore, this thesis aimed to fill the gap in knowledge about SUWM in developing 
countries, especially in the challenges of municipal governments to support the 
national government to achieve the SDG water targets.  
1.1. Research aim and objectives 
Indonesia, with its 262 million population (BPS RI 2018), is among developing 
countries whose water management is challenged by having large urban/semi-urban 
population. For example, the West Java Province, which has a population of 48 
million, has municipalities with large population such as Kabupaten Bekasi with its 
                                                     
1 In this thesis, the term ‘developing countries’ refers to developing and least developed countries as 
specified in the MDGs reports, unless when the two terms are mentioned together. 
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3.5 million population (BPS RI 2018), is facing challenges to urban water 
management.  
Therefore, this research aimed to evaluate the implementation of urban water 
management in Kabupaten Bekasi based on SDG water targets, with focussed 
discussion on Cikarang, as its urban centre.  
The objectives of the research were to: 
• Assess the performance of urban water supply in Kabupaten Bekasi. 
• Evaluate the sustainability of water supply providers based on SDG drinking 
water target, concerning safety and affordability. 
• Evaluate the implementation of other SDG water targets, concerning the 
fulfilment of human right to water and the adoption of sustainable urban 
water management. 
1.2. Scope of Research 
The SDG water targets, as the baseline to evaluate Kabupaten Bekasi urban water 
management, consist of eight targets where each target has one or two indicators as 
described in Chapter 2. The implementation of the SDG water targets should be done 
by several stakeholders including international organizations, national and local 
governments. Depending on function and authority, each stakeholder might 
potentially perform better in specific targets or indicators. For example, SDG water 
target, which relates to transboundary cooperation should be adopted by upper level 
management such as international organization or national government, while SDG 
water target that concerns community should be closely managed by institutions 
working within the community. In this thesis, the discussions are focused on the SDG 
water targets that are relevant to municipal governments whose function is to provide 
safe and affordable drinking water for all.  
1.3. Thesis Structures 
Chapters 4, 5 and 8 of the thesis consist of full articles published in academic journals 
or conference proceedings, hence, some repetition between these chapters in the 
thesis are unavoidable. Discussion in this thesis begins with a literature review about 
SUWM and the global agendas of MDGs and SDGs in Chapter 2. It is initiated by 
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presenting the release of the World Commission on Environment and Development 
report (Brundtland 1987) that sparked global awareness about current development 
approaches that tend to push economic growth, but neglect social and environmental 
issues. The impact of this imbalance has a negative effect on water provision to poor 
populations. This inequality has initiated the acknowledgement of human rights to 
water and has become one factor that supports the MDG and SDG drinking water 
target. 
While most developing countries face challenges in their financial and with other 
water resources issues, some urban centres might have more complex challenges due 
to different issues. This is what happened in Cikarang, an urban centre of Kabupaten 
Bekasi, Indonesia, the locus of our research. In this location, urban water 
management for domestic activities was challenged by new town development, and 
industrial and agricultural activities surrounding the urban centre. Here, in addition 
to municipal water utilities and informal sectors which commonly service domestic 
activities in developing countries (Bakker 2010; Kooy 2014), several private piped-
water service providers (WSPs) are also taking part in delivering water for domestic 
activities. This condition made the challenge to manage urban water supplies more 
complicated for municipal governments compared to other cities in the world, and 
this thesis presents the challenges of urban water management in Kabupaten Bekasi 
in Chapter 3. 
The SDG drinking water target aims to ensure safe water provision for the world’s 
population without any exceptions. For the same objective, piped WSPs follow a rigid 
procedure to deliver potable water quality continuously to household customers. To 
ensure the delivery meets specific standards, each WSP will perform an assessment 
to monitor performance. In Indonesia, a national government agency assesses the 
performance of every Perusahaan Air Minum Daerah (PDAM) or municipal water 
supply corporation, annually, to ensure each of them meets government standards 
(BPPSPAM 2013). However, this assessment is exclusive to PDAM and does not 
include several private and community-based piped WSPs, which also existed in 
Cikarang. Without frequent monitoring of piped WSP, the performances of other 
WSPs are unknown. Therefore, we conducted a consumer perception survey to 
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assess the performance of sampled piped WSPs in Cikarang and presented the results 
in Chapter 4. 
Despite the absence of performance assessments for piped WSPs other than PDAM, 
we assumed that those piped WSPs, especially the private ones, are managed 
professionally, thus have the capability of performing well in all performance 
indicators. On the other hand, community-based water supplies (CBWS) are usually 
managed by common people without technical background in managing complicated 
urban water supply system. Therefore, their ability to manage the system sustainably 
and maintain the good performance of their piped-water distribution system has 
been questioned. In Chapter 5, this issue was discussed by analysing the water quality 
results of samples collected from some CBWS institutions in Cikarang, which were 
built under the Integrated Citarum Water Resources Management and Investment 
Program (ICWRMIP), a program share- funded by the community and the Asian 
Development Bank. 
In Indonesia, compared to other performance indicators, water quality assessment is 
the only performance monitoring regulated for every WSP. Currently, there are two 
regulations that set water quality standards and regulate codes of conduct for water 
quality monitoring. The water quality standard refers to drinking water quality; the 
same water quality for bottled water and tap water delivered by piped WSP in 
developed countries. However, it is commonly known that the urban water supply in 
Indonesia is usually delivered at a lower quality: non-potable water quality requires 
households to treat water by boiling or filtering before drinking. On the other hand, 
bottled water and refilled water are both modes of urban water supply that should 
deliver water at drinking water quality. The current perspectives of water quality and 
the need to distinguish standards between drinking and non-potable water quality 
were discussed in Chapter 6. 
Apart from concerns about maintaining good performances of WSP to deliver water 
at the expected quality, attention should also be given to the inequality of water 
provision, which goes to the heart of human rights to water. This issue, which is the 
main concern of both MDG and SDG drinking water target, is an overwhelming task 
for municipal governments, especially in developing countries. On the one hand, 
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municipal governments must ensure that everyone has adequate access to a safe 
water source, but on the other hand, experience showed that it is difficult to expand 
urban water supply coverage. One of the barriers to expanding coverage is the 
adoption of supply-side management approach which needs a significant budget 
allocation to build water infrastructures. However, research indicates that a water-
demand management approach should be adopted to reduce the burden of urban 
water provision. Therefore, in Chapter 7, the implementation of every human being’s 
right to water, and the water-demand management approach in Cikarang was 
discussed.  
As one example of a water-demand management approach, rainwater harvesting is 
suitable for Indonesia as a country that has a tropical climate. However, Indonesia’s 
two climates brings the question about the ability of rainwater harvesting to be a 
reliable water source during the dry season. Therefore, this thesis investigated the 
ability of a rainwater harvesting system to provide adequate water for Indonesian 
households year-round; the results are presented in Chapter 8. 
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2.1. Introduction 
 
In the last three decades a world water crisis has occurred across every continent. 
The Aral Sea (Micklin 1988), one of the largest lakes in the world, which was the main 
source of irrigation in the area, has disappeared. There has been increasing pollution 
in some major rivers that function as water sources for irrigation and domestic water 
supply (Queen 2012; Somvichian-Clausen 2017). Furthermore, the water crisis has 
led  to conflicts between different water users such as: farmers and herders (Borger 
2007), between states such as Alabama, Georgia and Florida (Growingblue 2011), and 
even between countries (Lazarus 2018; Swain 1997). Recently, a water crisis 
happened in Cape Town, South Africa, where drought  forced residents to fetch water 
from public taps and strictly limit their water consumption (Maxmen 2018).  
The above examples were problems with water resources being unable to provide an 
adequate water supply to a global population. In 1990, almost a quarter of the global 
population accessed unimproved drinking water sources2 which were potentially 
contaminated (WHO & UNICEF 2006). Furthermore, water resources for domestic use 
were not distributed evenly, resulting in a fraction of the population without access 
to safe water sources, especially in water-scarce areas like sub-Saharan Africa 
(UNICEF & WHO 2015).   
Lack of access to safe drinking water causes some significant issues. From a health 
perspective, together with unimproved domestic sanitation and hygiene, it threatens 
the spread of diseases such as diarrhoea, especially for children under five years old 
(Fry, Cousins & Olivola 2002); increases the rates of disease such as arcariasis, 
schistosomiasis, and trachoma (Esrey et al. 1991), malaria, filariasis and dengue 
(Bartram et al. 2005), and acanthamoeba keratitis (Kilvington et al. 2004). From a 
social perspective, lack of access to safe water around human settlements forces 
women and children to travel long distances to fetch water, and for children, it could 
                                                     
2 The improved and unimproved drinking water sources are terms used in the WHO/UNICEF Joint 
Monitoring Program (UN Millennium Project, 2005). The improved water sources include piped water 
on premises, plot or yard; public tap or standpipe; borehole; protected dug well; protected spring; and 
rainwater. Later, bottled water is classified as an improved water source, only if a household used 
other improved water sources for cooking and personal hygiene (WHO & UNICEF, 2014). Other than 
those mentioned above are unimproved drinking water sources. 
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also decrease their school attendance rates (UN Millennium Project 2005). High 
water prices can also prevent households from getting the water they require 
(Hutton 2012). These issues relating to  the human right to water were recognised in 
an international law in 2002 which "entitles everyone to sufficient, safe, acceptable, 
physically accessible and affordable water for personal and domestic uses" (UN 
CESCR 2002). 
Despite these problems, our challenges in managing water resources are very 
complex. Besides securing water for domestic activities, appropriate water allocation 
is also needed to maintain water needs of other sectors that require a greater 
amount: agriculture, industry and energy. Thus, water allocation should encompass 
the connection of water-food and energy nexus (ADB 2013; Hoff 2011). Furthermore, 
water resources management should anticipate climate change that is already 
affecting the availability of water resources (Bates, Kundzewicz & Wu 2008). At the 
same time, we should also anticipate global population growth, which is projected to 
be 9.8 billion in 2050 (UN 2017), and an increase in water demand in urban areas, 
where 68% of the global population will be concentrated (UN 2018b). Furthermore, 
each country has different challenges in their urban water management. The 
hydrological and financial backgrounds of a country can make it harness hydrology, 
or be hampered by hydrology, or even hostage to hydrology (Grey & Sadoff 2007). 
Countries can also face other specific barriers, such as the complicated management 
of sharing one river basin as in  Europe (Nilsson, Langaas & Hannerz 2004) or Africa 
(Lazarus 2018), limited available land as in Singapore (Tortajada 2006), elevation 
problems as in the Netherlands (van der Brugge, Rotmans & Loorbach 2005), 
occasional droughts as in Australia (Ferguson et al. 2013), or frequent earthquakes as 
in Japan (Shibuya, Hernández-Sancho & Molinos-Senante 2014). These are really big 
challenges in water resources management, especially in relation to the task for 
achieving a state of water security: "the capacity of a population to safeguard 
sustainable access to adequate quantities of acceptable quality water for sustaining 
livelihoods, human well-being, and socio-economic development, for ensuring 
protection against water-borne pollution and water related disasters, and for 
preserving ecosystems in a climate of peace and political stability" (UN-WATER 2013). 
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All these issues mentioned above are symptoms that have been identified as 
common global issues in the World Commission on Environment and Development 
report (Brundtland 1987). The report criticised conventional development 
approaches that failed to overcome emerging problems such as poverty, 
environmental issues and population growth. Hence, it proposed that development 
should not only improve the economic status of a nation but also manage the 
emerging issues, which mostly relate to environmental conditions and social well-
being. The development approach was named ‘sustainable development’ and was 
defined as "development that meets the needs of the present without compromising 
the ability of future generations to meet their own needs" (Brundtland 1987). Some 
scholars thought that the definition was ambiguous, ‘not adequately defined’ 
(Costanza & Patten 1995) or ‘distorted’ (Santillo 2007). In general, the difficulties in 
defining sustainability had been realised (Allen & Hoekstra 1993; Barbier 1987), but 
it is still necessary to define the term, in order to make clear what is to be achieved. 
Moreover, Allen and Hoekstra (1993) suggest that sustainability must involve a 
chosen perspective, have criteria to access the result, and a spatial scale and 
temporal timeframe.  
2.2. The Millennium Development Goals: drinking water target 
The discussion about common world problems regarding water as described above, 
and a proposal to move towards sustainable development, initiated ideas about 
common global actions to combat those problems. Thus, in 2000, the United Nations 
released the Millennium Development Goals (MDGs) that consisted of eight goals: 
eradicate extreme poverty and hunger, achieve universal primary education, 
promote gender equality and empower women, reduce child mortality, improve 
maternal health, combat HIV/AIDS, malaria and other diseases, ensure 
environmental sustainability, and enable global partnership for development. The 
progress achievement of each goal was expected to be achieved by 2015, and was 
measured by specific targets and indicators that were evaluated annually.  
In the MDGs, the issue of providing safe drinking water is placed together with 
sanitation as target 7.c: "Halve, by 2015, the proportion of the population without 
sustainable access to safe drinking water and basic sanitation". While sanitation is 
important, in this thesis we will focus our discussion on the water issue. The MDG 
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drinking water target is measured by calculating numbers of households with access 
to improved drinking water (UN Millennium Project 2005); the task for monitoring 
achievement relied on the hand of the WHO/UNICEF Joint Monitoring Programme 
(JMP). Initially, the improved water source was defined as: piped water on premises 
(inside dwelling, plot, or yard), public taps or standpipes, tube wells or boreholes, 
protected dug wells and springs, and rainwater collection. Later, bottled water was 
included, as long as households use another improved source for cooking and 
personal hygiene (UNICEF & WHO 2015). The target becomes more crucial because 
the provision of safe water is a perquisite to the achievement of other goals. For 
example, safe water is needed for cooking food (Goal 1); access to a nearby water 
source will give more time for children and women to carry out activities (Goal 2 and 
3); access to safe water will prevent water-borne diseases (Goal 4, 5 and 6); water 
pollution will degrade environment quality (goal 7); and international water 
cooperation is needed to solve transboundary issues (Goal 8).  
At the end of its timeline, the MDGs report (UNICEF & WHO 2015) claimed that the 
drinking water target was met in 2010, five years earlier than its due date. The 
number of people with improved drinking water sources increased from 76% in 1990 
to 91% in 2015, more than its 88% target. This is an increase of over 2.6 billion people 
having access to safer water sources since 1990. Furthermore, 58% of the world’s 
population had a piped water system connected to their homes. However, this 
achievement may not represent a true achievement of what the MDG drinking water 
target intended to achieve, and the percentage of the population with access to safe 
drinking water might be lower than what the MDGs reported (Clasen 2012; 
Satterthwaite 2016). 
The MDG drinking water target aimed to extend access of safe drinking water for the 
global population, particularly where the right to access water was violated. These 
concerns were based on persistent issues where some sections of the population, 
especially women and children, needed to spend time and effort fetching water; 
some still drink poor quality water which leads to water-borne diseases; some cannot 
get enough water for their daily needs; and some cannot afford the water tariff (UN 
Millennium Project 2005). However, the indicator set to measure the MDG drinking 
water target was household access to improved water sources. It means that each 
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household who has an improved water source is counted as a proportion of the 
population with safe drinking water. With this approach, the MDG drinking water 
target measurement was not really representing the target itself. The MDGs Task 
Force (UN Millennium Project 2005) was aware of the absence of some criteria 
concerning drinking water problems such as reliability, affordability, quality and 
access in the MDGs monitoring procedures because of technical issues in the 
monitoring survey. However, at the end of the MDGs timeline, there was no 
improvement in the procedure.  
The WHO drinking water guidelines (WHO 1996) required safe drinking water to fulfil 
drinking quality requirements across microbiological, chemical and physical aspects. 
However, studies (Godfrey et al. 2011; Onda, LoBuglio & Bartram 2012; Wright, 
Gundry & Conroy 2004) showed that the improved drinking water sources did not 
guarantee safe water delivery, and some were potentially contaminated either by 
microbiology or chemical substances. In addition to water quality, scholars (Clasen 
2012; Hutton & Chase 2016; Thomson & Koehler 2016) also pointed out that the 
approach to measure drinking water target achievement did not account for the 
indicators of access and quantity as well. It means that populations with improved 
water sources still need to travel and spend time fetching water from the improved 
sources, or they did not get enough water for their daily needs. Smets (2009, 2017) 
criticised the exclusion of affordability aspects from the MDG drinking water 
indicators, despite it being mentioned as one of the targets in the Millennium 
Declaration. Accordingly, water from an improved source can be expensive and 
unaffordable for some people. Moreover, Satterthwaite (2016) criticised the drinking 
water indicators that did not delineate requirement for urban and rural areas, despite 
reporting the achievements separately.  
2.3. Sustainable Development Goals: the post-2015 agenda 
Even though the MDG drinking water target was reported as being achieved, the 
world’s water crisis still exists, at least for 663 million people who are still unable to 
access improved drinking water (UNICEF & WHO 2015). Moreover, the MDGs 
achievement was gained unevenly across regional territories, and efforts to improve 
safe water access tended to neglect vulnerable populations (UN 2015a). 
Consequently, the United Nations formulated a post-2015 agenda, the Sustainable 
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Development Goals (SDGs), as the continuation of the MDGs (UN 2016). In the UN 
General Assembly on 4 December 2014, the SDGs was delineated into 17 goals in 
which water and sanitation were classified in goal 6: to ensure availability and 
sustainable management of water and sanitation for all (UN 2014b); the goal was 
broken down into eight targets (Table 2-1). 
Table 2-1. Sustainable Development Goal 6, targets and indicators 
Targets Indicators 
6.1. By 2030, achieve universal and equitable access to 
safe and affordable drinking water for all 
6.1.1. Proportion of population using safely 
managed drinking water services 
6.2. By 2030, achieve access to adequate and equitable 
sanitation and hygiene for all and end open 
defecation, paying special attention to the needs of 
women and girls and those in vulnerable situations 
6.2.1. Proportion of population using safely-
managed sanitation services, including a 
hand-washing facility with soap and 
water 
6.3. By 2030, improve water quality by reducing pollution, 
eliminating dumping and minimising release of 
hazardous chemicals and materials, halving the 
proportion of untreated wastewater and 
substantially increasing recycling and safe reuse 
globally 
6.3.1 Proportion of wastewater safely treated 
6.3.2. Proportion of bodies of water with good 
ambient water quality 
6.4. By 2030, substantially increase water-use efficiency 
across all sectors and ensure sustainable withdrawals 
and supply of freshwater to address water scarcity 
and substantially reduce the number of people 
suffering from water scarcity 
6.4.1. Change in water-use efficiency over time 
6.4.2. Level of water stress: freshwater 
withdrawal as a proportion of available 
freshwater resources 
6.5. By 2030, implement integrated water resources 
management at all levels, including through 
transboundary cooperation as appropriate 
6.5.1. Degree of integrated water resources 
management implementation (0-100) 
6.5.2. Proportion of transboundary basin area 
with an operational arrangement for 
water cooperation 
6.6. By 2020, protect and restore water-related 
ecosystems, including mountains, forests, wetlands, 
rivers, aquifers and lakes 
6.6.1. Change in the extent of water-related 
ecosystems over time 
6.A. By 2030, expand international cooperation and 
capacity-building support to developing countries in 
water- and sanitation-related activities and 
programmes, including water harvesting, 
desalination, water efficiency, wastewater 
treatment, recycling and reuse technologies 
6.A.1. Amount of water- and sanitation-related 
official development assistance that is 
part of a government-coordinated 
spending plan 
6.B. Support and strengthen the participation of local 
communities in improving water and sanitation 
management 
6.B.1. Proportion of local administrative units 
with established and operational policies 
and procedures for participation of local 
communities in water and sanitation 
management 
Source: UN (2015b) 
Target 6.1. reflect the continuation of the MDG drinking water target. In the MDGs, 
progress of the achievement of the drinking water target was measured from the 
proportion of population with access to improved water sources, but, in response to 
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critics relating to the measurement of MDG drinking water, in the SDGs, monitoring 
of the drinking water target will be reported based on a new Joint Monitoring 
Programme (JMP) drinking water ladder (Table 2-2). The new ladder delineates 
drinking water sources based on MDGs improved water source definitions and their 
accessibility; and these classifications will be used as a categorisation to report the 
SDG drinking water target progress. In addition to the SDG drinking water target (SDG 
6.1.1. in Table 2-1), achievement of access to safe drinking water is also measured in 
SDG 1 (poverty eradication goal), whose target is measured by the proportion of the 
population living in households with access to basic services (SDG 1.4.1). For this 
target, drinking water sources should be delivered at least at a basic level (Table 2-
2). 
Table 2-2. The JMP drinking water ladder 
Service Level 
Definition 
Safely managed Drinking water from an improved water source which is located on 
premises, available when needed and free of faecal and priority chemical 
contamination 
Basic Drinking water from an improved source provided collection time is not 
more than 30 minutes for a roundtrip including queuing 
Limited Drinking water from an improved source where collection time exceeds over 
30 minutes for a roundtrip to collect water, including queuing 
Unimproved Drinking water from an unprotected dug well or unprotected spring 
No service Drinking water collected directly from a river, dam, lake, pond, stream, canal 
or irrigation channel 
Source: WHO and UNICEF (2017b) 
Despite improvement in the drinking water target measurement, some scholars 
believe that the monitoring of protocol still does not reflect what the SDGs intends. 
Smets (2017) criticised the fact that affordability is still not included in the monitoring 
indicators, despite it being written as a mission of the drinking water target. This 
opinion is accurate as the JMP monitoring procedure (WHO & UNICEF 2018) collects 
four indicators (below) to classify household drinking water sources, and they do not 
include any affordability indicators: 
• Within 30 minutes: when a household gets water from an improved water 
source and spends at most 30 minutes to collect water, it will be categorised 
as having at least a basic drinking water source.   
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• On premises: under this criterion, water source is categorised as on premises 
if the water source is located within the dwelling, plot or yard.  
• Available when needed: the JMP classify water as available when needed 
when water is available at least 12 hours per day or four days a week. 
• Free from contamination: this criterion is fulfilled when water samples follow 
WHO guidelines (WHO 2017a) on E.Coli, arsenic, or fluoride. 
Adams and Smiley (2018) highlighted the absence of monitoring indicators that 
distinguish urban and rural settlements, despite it being pointed out in the MDGs 
(Satterthwaite 2016). They also criticised JMP monitoring procedures which limit 
contaminant measurement and do not represent the WHO guidelines for drinking 
water quality standards (WHO 2017a). This is certainly repeating the same ignorance 
on "terms" or "wording" as the MDGs did (Lu et al. 2015; Satterthwaite 2016). Even 
if monitoring indicators should be made simple for feasibility and cost reasons 
(Hutton & Chase 2016), it should not wrongly report the goal SDGs aimed to achieved, 
especially when the current commitment is expanded not only to households (WHO 
& UNICEF 2017b), but also to water provision in public institutions, focusing on school 
and health facilities. Furthermore, unlike the SDG 6.1, whose measurement has been 
revised systematically based on the MDG drinking water target implementation 
(WHO & UNICEF 2017a), most of the other water targets of SDG 6 are new and the 
methodology to measure each indicators are still being developed, thus the progress 
of these targets was not reported in detail in the 2018 SDGs report (UN 2018a).  
2.4. Sustainable Urban Water Management 
The MDG and SDG water targets are international platforms used to measure the 
achievement of global goals in water resources management, and therefore progress 
can be measured and reported by each country. However, the achievement of these 
water targets at the national level is actually representing collective conditions at the 
lower entity: the city level. Since the challenge of water resources management in 
urban areas is more complex due to its higher population growth and density (UN 
2014c), there is a need support the development of a more sustainable urban water 
management approach (Larsen & Gujer 1997; Novotny 2008), the Sustainable Urban 
Water Management (SUWM).  
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Since the release of the World Commission on Environment and Development Report 
(Brundtland 1987), the article by Larsen and Gujer (1997) was among the first 
academic article to discuss SUWM. They proposed that the SUWM should provide 
equal water distribution in time and space, with first priority going to human 
consumption. Since then, a review on English language academic articles on Google 
Scholar in August 2015 showed that there are 67 articles that use the full term of 
SUWM in their titles, but they did not include articles that only use words in the titles 
such as urban water management, sustainable urban water system, and sustainable 
water management; nor did they include articles with the full SUWM term used 
inside the articles. The discussion in these articles varied regarding urban water 
management such as: institutions, governance and leadership; urban planning; 
components of urban water systems; pricing structures; decision-support tools; and 
new technologies for water appliances. Among those articles, 18 were case studies 
from Australia and New Zealand, most of which were written by scholars from 
Monash University or under the Cooperative Research Centre for Water Sensitive 
Cities. Fifteen articles were case studies from European countries, and 20 articles did 
not state a specific region, but were mostly based on developed countries in which 
categories were based on the UN  countries classification (UN 2015d). Articles that 
discussed the SUWM implementation in developing countries were not started until 
2006, and there were only 14 articles published up to August 2015. 
The SUWM concept was initiated as a proposal to improve the ‘conventional’ 
centralised water supply approach in developed countries, which was costly, complex 
and resource-intensive (Marlow et al. 2013); the conventional approach tended to 
neglect the function of nature-made resources (Novotny 2008) and resulted in a cost 
to the environment (Keath & Brown 2009). At the same time, the effort to distribute 
potable water through centralised systems was inefficient because only a small 
percentage of this water was used for drinking purposes (Marlow et al. 2013). Some 
emerging issues such as: climate change, changing lifestyles and higher population 
growth also provide more challenges to urban water services (Sapkota et al. 2014; 
van Leeuwen & Chandy 2013; Wong & Brown 2009). Following these concerns, 
scholars proposed a decentralised SUWM approach, which placed greater value on 
local resources (Biggs et al. 2008), optimised the urban water cycle (Chanan & Woods 
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2006; Keath & Brown 2009; Sapkota et al. 2014), emphasised water-demand 
management (Marlow et al. 2013; Sharma & Vairavamoorthy 2009), and developed 
integrated water infrastructures (Mitchell 2006). These SUWM approaches had been 
extensively developed; for example, in Australia (Chanan & Woods 2006; Keath & 
Brown 2009), Sweden (Hellstrom, Jeppsson & Karrman 2000), and the Netherlands 
(van Leeuwen & Chandy 2013).  
It can be seen that the initiation of SUWM approaches in developed countries aim to 
encounter the green issues and improve the quality of life and environment (Brown, 
Keath & Wong 2009; Marlow et al. 2013; Sapkota et al. 2014; van Leeuwen & Chandy 
2013). According to Marlow et al. (2013), this is an advanced development of urban 
water systems as presented in their "stepwise development of urban water systems" 
table. On the other hand, Marlow et al. (2013) argued that the development of urban 
water systems in developing countries was at the basic stage: encountering the 
‘brown agenda’ and providing basic water needs. Apparently, this argument was 
based on the thesis of a "modern infrastructure ideal" (Graham & Marvin 2002), 
where an urban water supply was delivered with a centralised system. This is the 
same infrastructure that attracted critics due to sustainability aspects, as discussed 
in previous paragraph. In contrast, the urban water supply in developing countries is 
commonly delivered in a splintered and fragmented way (Bakker 2010; Graham & 
Marvin 2002), and may not reach the state of a "modern infrastructure ideal" as 
developed countries have done (Kooy & Bakker 2008). Considering these conditions, 
establishing a modern infrastructure ideal should not be the ultimate objective of 
urban water supply in developing countries. While improving current urban water 
supply practices should be a necessity, at the same time, adopting SUWM approaches 
should be a better option. However, in doing so, we should also note that SUWM 
approaches which was implemented with success in developed countries may not get 
the same good result in developing countries (Sharma & Vairavamoorthy 2009). 
Therefore, the focus should be placed on developing SUWM approaches tailored to 
local conditions (Raskin, Hansen & Matgolis 1996): value local resources, optimise 
urban water cycles, and work the most appropriate way with  developing countries. 
Furthermore, the opportunities to implement SUWM approaches in developing 
countries had been identified and adopted in the SDGs. While the MDG water target 
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only focused on fulfilling population basic needs (MDG 7.c), in the SDGs, the water 
targets are expanded to: include other SUWM approaches to improving water quality 
(SDG 6.3), promote water-demand management (SDG 6.4 and SDG 6.A), and protect 
the ecosystem (SDG 6.6). 
Figure 2-1. Modes of urban water supply, adopted from Bakker (2010) 
2.5. Modes of urban water supply in developing countries 
Centralised piped water supply coverage in developing countries is limited and only 
available for fractions of the population. The MDGs report (UNICEF & WHO 2015) 
showed that in 2015, piped water supply coverage in developing countries was 49%, 
while in the least-developed countries it was only 12% (in contrast to 96% coverage 
in developed countries). As a result, urban water supply for the population in 
developing countries was delivered by several modes, as presented in Bakker (2010) 
(Figure 2-1).  
From a social perspective, limitation of piped water supply coverage, especially in 
urban areas in developing countries, shows inequality in access to an urban water 
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supply, where the coverage is usually concentrated in wealthier communities (Bakker 
2010; Kooy & Bakker 2008). In other cases, development of new settlements by 
private institutions intend to limit piped water supply exclusively to the wealthier 
communities (Dieleman 2011). Both development policies mostly affect poor 
communities and leave them without reliable access to piped water supply (Evans 
2007; Tunas & Peresthu 2010). The persistence of a limited access to a piped water 
supply in developing countries seems like an ignorance of the state government as to 
the authority who is responsible for ensuring human rights to access safe water (UN 
CESCR 2002). However, scholars (Grey & Sadoff 2007; Ujang & Buckley 2002) showed 
that limited access to a piped water supply, especially in urban areas, is continuing 
because efforts to increase piped water coverage is challenged by many factors, 
especially budget constraints, and population growth. In the 1990s, international 
donor agencies supported an alternative way to improve municipal piped water 
supply performance and coverage in developing countries by offering private sector 
participation (Bluemel 2004). This solution was suggested as an approach not only to 
improve poor urban water management in developing countries, but also to expand 
coverage to the unserved poor communities. Apparently, this approach did not 
always fix the problems, and in some countries, it sparked other management 
problems (Bakker 2007, 2010; Bluemel 2004).  
Without adequate access to piped water supplies, poor communities are often 
offered another mode of urban water supply: the community-based water supply 
(CBWS). This is a community-managed WSP, which is seen as a reasonable alternative 
for supplying water in rural or peri urban areas (Bakker 2010; Isham & Kähkönen 
1999; Padawangi 2010). Since the release of the World Commission on Environment 
and Development report (Brundtland 1987), such community-based projects were 
popular as a platform to increase public participation in development, and the 
popularity can be seen from the increase of international funding for such projects 
between 1996 and 2003 (Mansuri & Rao 2004). In addition to the CBWS, other modes 
of urban water supply were offered to serve non-piped water users. One of them is 
the water vendor, an intermediate WSP who connects piped WSP to non-subscribing 
households. Water vendors collect water from municipal-piped water taps and sell it 
to households via pushcarts or motor vehicles (Kjellén 2006b; Kooy & Bakker 2008), 
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and in some regions, they supply water via their owned-managed piped distribution 
system (Kjellén & McGranahan 2006). In recent decades, other types of drinking 
water sources emerged providing packaged water (either in bottle or sachet) ready 
for drinking. They are commonly operated in developing countries (Francisco 2014b; 
Stoler, Weeks & Fink 2012) and tend to be a cheaper choice than boiling water 
(Walter, Kooy & Prabaharyaka 2017a). Both types of water supplies are often referred 
to as informal sectors and seen as complementing the centralised urban water 
supply.  
2.6. The performances of urban water supply in developing countries 
The existence of several modes of urban water supply in developing countries sparks 
questions about their sustainability, especially in their ability to perform well for long 
periods of time, and their ability to deliver safe drinking water, as expected by the 
SDG drinking water target. Currently, despite critics of the infrastructure of a 
centralised piped water supply in developed countries, this mode of urban water 
supply is still considered the most suitable water source for urban settlement 
(Satterthwaite 2016). The argument comes from the assumption that a piped water 
supply as a mode of urban water supply can deliver potable water continuously. 
Indeed, a piped water supply is operated according to rigorous codes of practice, 
from water intake reservoirs to the distribution system. Some codes of practice for 
piped WSP are usually available globally; for example, the World Health Organisation 
(WHO) produces guidelines on drinking water quality (WHO 1996) and water safety 
plans (Davison et al. 2005), and both are subject to frequent amendments and 
improvements.  
However, to ensure the delivery of safe water as their final product, piped WSP not 
only must adhere to some codes of practice, but also must be subject to frequent 
performance assessments that are usually prepared by an authorised public 
institution at a national level. At global level there are also some performance 
assesment guidelines such as those produced by the International Water 
Association/IWA (Alegre et al. 2017) and the World Bank (Danilenko et al. 2014). IWA 
provides a manual that consists of variables from a group of indicators (water 
resources, personnel, physical and operational conditions, quality of service, and 
economic and financial situations) that reflect the condition of a piped WSP. With this 
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manual, a piped WSP can choose the most important variables to be used to evaluate 
performance, based on their objectives. The World Bank also published a 
performance-assessment tool: the International Benchmarking Network for Water 
and Sanitation Utilities Databook/IBNET (Danilenko et al. 2014). Unlike the IWA 
manual, which only provides guidance to assess piped WSP performance, the IBNET 
literally measures piped WSP performance around the world as an Apgar score, which 
is calculated based on five indicators: water coverage, non-revenue water, 
affordability, collection period, and operating cost coverage. A sewerage coverage 
indicator is included in the assessment if the piped WSP provides the service. Based 
on the measurement, the IBNET reported that piped WSP in developing countries 
tends to perform lower than those in developed countries. Performance of piped 
WSP in developing countries is low in several indicators. In addition to limited piped 
water supply coverage, which has already been discussed, other scholars also 
reported low performances of water continuity (Bakker 2010; Kumpel & Nelson 
2013), supply pressure (Lee & Schwab 2005), and non-revenue water (Kingdom, 
Liemberger & Marin 2006). All these low performances contribute significantly to the 
delivery of the final product, resulting in piped WSP in developing countries delivering 
water at a lower quality than potable water (Bakker 2007; Sutherland 2017). 
Apparently, the persistence of a low performance of piped water supply in 
developing countries is not only because of technical issues as described above. 
Management issues such as weak governance, low performance of personnel, 
financial constraint, and political issues (Biswas 2006; Kingdom, Liemberger & Marin 
2006; Schouten & Halim 2010) are also factors blamed for lowering the performance 
of piped WSP in developing countries. Even though management issues are 
complicated, efforts to resolve piped WSP performance by improving water 
management practices should be taken into account because the issue is more 
important now since there is a common objective to achieve the SDG drinking water 
targets. Furthermore, the success story of water governance in Phnom Penh (Biswas 
& Tortajada 2010; Wong 2013)can be seen as a good example in improving 
management of piped water supply in developing countries.  
In contrast to piped water supply, codes of practice for other modes of urban water 
supply are often not available; or if they are available, they are not as comprehensive 
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as those set up for piped water supply. Lack of regulations concerning informal 
sectors may occur because these modes of urban water supply are seen as 
complementing the centralised piped water supply, and there is an assumption that 
they would not exist for long (Conan, Andrews & Weitz 2003). However, Kooy (2014) 
argued that the informal WSPs are not temporary options; they are simply modes of 
urban water supply that are common and persistently supplying water to the urban 
population in developing countries because of a limited centralised piped water 
supply.  
A lack of codes of practice for informal urban water suppliers raises questions about 
their ability to perform well in delivering water to urban populations. From a 
managerial perspective, there is a concern about the continuity of informal sectors 
because if they collapse, it might leave a community without adequate access to a 
safe water supply. This concern is backed up by evidences from CBWS institutions 
which often cannot be sustained for long (Isham & Kähkönen 1999, 2002). From a 
water quality perspective, research show that water samples from bottled water 
(Mason, Welch & Neratko 2018), refilled bottle water (Susanto 2015), and sachet 
water (Olaoye & Onilude 2009; Osei et al. 2013) were contaminated. Low water 
quality produced by informal sectors might be caused by the absence of proper 
monitoring protocols. However, even when regulations do exist to ensure safe water 
delivery (Dada 2011), monitoring packaged WSPs is more difficult than piped WSPs, 
considering the number of informal WSPs. Furthermore, from an environmental 
perspective, the number of used bottles or sachets dumped into the environment 
may contribute to bigger problems in solid waste management (Dada 2011).  
2.7. Urban water-demand management approach 
Low performance of piped water supply in developing countries should have been 
identified earlier because the centralised system they develop is following a supply-
side approach. This approach, which translates the need to improve water supply into 
developing new water infrastructures, is costly (Marlow et al. 2013) and does not fit 
into most developing countries’ budget conditions (Grey & Sadoff 2007). 
Furthermore, despite developed countries' ability to build tremendous water 
infrastructures to fulfil their growing water needs, the supply-side approach was 
criticised because of its impact on social wellbeing and environmental issues (as 
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discussed before). This evidence promotes the shifting of water management from 
supply-side approaches into SUWM by enhancing the practice of water-demand 
management (WDM). The WDM is also promoted as a measurement to extend 
SUWM globally by listing the approach as the SDG water targets 6.4 and 6.A (Table 2-
1). 
WDM "reduces or modifies average or peak water withdrawals or consumption 
consistent with protection or enhancement of water quality" (Sharma & 
Vairavamoorthy 2009). The spirit of this approach is to conserve water and to 
optimise the use of available water resources. The implementation of WDM varies 
and can be conducted in each stage of the water supply system, from water intake 
down to the houses. From the supplier side, WDM can be implemented by increasing 
system efficiency, such as applying full-cost of water and reducing non-revenue water 
(Kingdom, Liemberger & Marin 2006). At a household level, the implementation can 
be more varied, such as encouraging water reuse and promoting the use of water 
efficiency devices and decentralised water sources (Chanan & Woods 2006; Rahman, 
Keane & Imteaz 2012). Despite the promotion of this approach as a better alternative 
to a supply-side approach, the implementation should also consider other factors 
comprehensively. For example, treating water as an economic good by applying full-
cost tariffs should also consider progressive tariffs to subsidise the poor who cannot 
afford a full-cost tariff. Furthermore, Sharma and Vairavamoorthy (2009) argue that 
a WDM approach, which is often applied in developed countries, may not have the 
same success if it is implemented in developing countries. For example, the success 
of water-efficient device promotion to reduce water consumption in developing 
countries may not be effective in developing countries where most piped water 
supply is delivered intermittently. Therefore, the implementation of WDM in 
developing countries should adopt approaches that are suitable for local conditions 
(Raskin, Hansen & Matgolis 1996). 
2.8. Research questions 
From the discussions about SUWM above, this research was designed to answer the 
following research questions:  
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• How are the performance of piped WSPs in Cikarang with regards to SDG drinking 
water target? 
• Can the CBWS institutions in Cikarang, as common informal sectors, sustain well 
and fulfil the SDG drinking water target? 
• As the most significant indicator for public health, how is the quality of water 
delivered, assessed from the water quality monitoring result? 
• Does the Kabupaten Bekasi government able to fulfil the human right to water 
for its population? At the same time, can the government also support the 
implementation of WDM approach?  
• As an alternative of WDM, can RWH be a reliable water supply for household in 
a year-round in term of affordability, water quantity and water quality criteria?  
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3.1. Introduction 
The Sustainable Development Goals (UN 2015c) represent a continuation of the 
Millennium Development Goals (MDGs) for global sustainable development during 
the period from 2015 through to 2030. There are 17 goals, of which goal six aims to 
ensure global availability and sustainable management of water and sanitation. Goal 
six is made up of eight targets, with its first target: "achieving universal and equitable 
access to safe and affordable drinking water for all by 2030". While other water and 
sanitation targets are also important and interrelated, the achievement of universal 
access to drinking water faces some significant challenges. This is especially the case 
in urban areas where 66% of the human population will be residing by 2050, and 
where the highest population growth will take place (UN 2014c). For cities in 
developing countries, urban water management is complicated, not only due to 
urbanisation and high population growth, but also because of other issues such as 
industrialisation, financial and institutional problems, and depleted water resources 
(Ujang & Buckley 2002). These problems are actually worsened by poor water 
governance among most water supply providers in developing countries (Tortajada 
2010).  
In the area of governance, Kooy (2014), in her study of Jakarta, showed that the 
problems of urban water supply in developing countries are not merely a result of 
failure in governance, but also due to the impact of the process of urban 
development. For example Jakarta's development, which is concentrated in wealthier 
populations,  has forced urban water supply distributions to spread out according to 
the concentration of higher socio-economic areas instead of building a centralised 
system that connects water to all parts of the city's population (Bakker 2010). 
This phenomenon is certainly present in a number of other Indonesian cities, but the 
contrast in water supply distribution is most marked in peri-urban Jakarta, which is 
known as Jabodetabek (Hudalah, Winarso & Woltjer 2007; Winarso, Hudalah & 
Firman 2015). Here, the development of the urban water supply follows the 
development of new town and industrial estates. This occurred as an impact of 
national government policies in the early 1990s, which allowed the development of 
formal housing by private investors creating the development of new towns (Firman 
2004; Winarso, Hudalah & Firman 2015) and industrial estates in Jakarta's suburbs 
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(Hudalah et al. 2013). Together with policies to open new industrial estates and new 
towns, the national government also allowed developers to provide their own 
infrastructures, which included water supply distribution systems.  
 
Figure 3-1. Map of Kabupaten Bekasi 
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The development of those industrial estates and new towns created challenges for 
urban water management. First, the new towns and industrial estates tended to build 
their own water supply systems (Dieleman 2011; Hudalah & Firman 2012), which 
created fragmentations in urban water supply distribution. Second, the massive land 
conversions for the development of industrial estates and new towns, which was 
followed by large-scale urbanisation, unavoidably decreased the quality of water 
resources (Firman & Dharmapatni 1994). These problems continue for the municipal 
government as the key managing body for urban water supply provision (Hadipuro 
2010; Wira Study Team 2012) and water quality monitoring (Bedner 2010). Both roles 
are challenging for municipal government in supporting the achievement of one of 
the targets of goal six in the previously discussed SDGs, which is to ensure safe water 
access to the whole population.  
This article will discuss the challenges of water management as an impact of urban 
development, especially in the context of how a municipal government deals with 
urban water management issues. The discussion will focus on Cikarang, a town with 
the largest concentration of industrial estates in Indonesia and Southeast Asia 
(Hudalah & Firman 2012; Hudalah et al. 2013). Cikarang is an urban centre in 
Kabupaten Bekasi, a political district in peri-urban Jakarta. 
3.2. Study Area 
Kabupaten Bekasi is located to the east of Jakarta, with a total area of 127,388 ha 
(Figure 3-1). The region has a tropical climate with temperatures ranging from 28 to 
320C, annual rainfall between 918 and 1,677 mm, and total rainy days between 64 
and 112 days per year (Bappeda Kabupaten Bekasi & BPS Kabupaten Bekasi 2016). 
The main water sources are groundwater from two aquifers in Jakarta and Bekasi-
Karawang, and surface water from the two river basins of Ciliwung-Cisadane and 
Citarum.  
Since 2013, the population of Kabupaten Bekasi has exceeded three million, with 
population figure at 3,246,013 in 2015 (Bappeda Kabupaten Bekasi & BPS Kabupaten 
Bekasi 2016). The number is projected to increase beyond 4 million people in 2021. 
The population has been growing significantly since the development of new towns 
and industrial estates, with an average growth rate of 4.78%. Most population growth 
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is concentrated in five sub-districts of Cikarang (Cikarang Pusat, Cikarang Barat, 
Cikarang Utara, Cikarang Timur and Cikarang Selatan) and two other sub-districts that 
are alongside the Jakarta-Cikampek toll road (Figure 3-1), where the new towns and 
industrial estates are concentrated (Hudalah et al. 2013).  
3.3. Water supply fragmentation in Cikarang 
Water supply provision in Indonesian cities is usually managed by Perusahaan Daerah 
Air Minum/PDAM (a municipal government-owned water supply corporation), 
collective systems, self-provisions, water refill stations, and water peddlers (Hadipuro 
& Indriyanti 2009). These types of water provisions exist in Cikarang, with additional 
private pipe water services. This makes Cikarang a perfect example of common water 
resources governance (Bakker 2010) in which there are three types of water supply 
provider (WSP): the (municipal) government, private corporations, and community-
based providers. In addition to piped water supply, population who is not served by 
piped water services buys water from vendors, digs borehole or harvests rainwater, 
as seen in Figure 3-2 below. 
 
Figure 3-2. Type of water supply delivery in Cikarang 
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3.3.1. The public water service provider, PDAM Tirta Bhagasasi  
PDAM Tirta Bhagasasi (PDAM TB) was established in 1981 and is owned by the 
Kabupaten Bekasi government to provide a public water service for the region. 
Despite the regional subdivision in 1997 that split the region into two municipal 
governments (Kabupaten Bekasi and Kota Bekasi), the ownership of PDAM was not 
split, and to this day the company belongs to both municipal governments and 
supplies two regions. The shared ownership makes the management of the water 
service more complicated compared to other PDAMs in Indonesia because approval 
needs to be sought from both governments to decide important issues such as tariff 
increases. In 2006, Kota Bekasi established a new water supply corporation, PDAM 
Tirta Patriot, which also supplies the region.  
As with other PDAMs in Indonesia, the management of PDAM TB is monitored under 
several ministries: the Ministry of Public Works and Public Housing (MPWPH) for raw 
water and technical matters, the Ministry of Home Affairs for management aspects, 
the Ministry of Finance for financial issues, and the Ministry of Health (MOH) for 
drinking water quality (Hadipuro 2010). To ensure water service performance among 
PDAMs in Indonesia, MPWPH monitors the performance of PDAM key indicators and 
calculates them as a score showing the wellness or health of a PDAM. The score is 
distributed among three categories (BPPSPAM 2013): healthy (more than 2.8), unwell 
(2.2 - 2.8), and sick (less than 2.2).  
Table 3-1. Selected indicators of PDAM TB performance from 2011 to 2015 
Year Percentage 
of water 
quality 
samples 
meeting 
government 
standards 
(%) 
Operational 
(hours) 
Water 
pressure 
>0.7 bar  
(%) 
Service 
coverage of 
household 
costumers 
(%) 
Total 
Performance 
Score 
2015 91.7 23 41.1 44.3 3.67 
2014 88.3 21 30.4 40.7 3.76 
2013 95.1 20 0 43.8 3.53 
2012 74.1 24 0 32 3.41 
2011 84.8 23 0 26.8 3.56 
 Average 86.8 22 14.3 37.5 3.59 
Source: Derived from BPPSPAM (2013) and BPPSPAM (2016) 
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From 2011 to 2015, PDAM TB performances were considered healthy, with an 
average score of 3.59 (Table 3-1). However, these scores are not satisfactory if service 
and operational aspects are only considered. For example, as shown in Table 3-1, the 
percentage of water samples that fulfilled government standards fluctuated at an 
average of 86.8%. In addition, the water was supplied intermittently, except in 2012, 
and supply pressures were low for most customers. Those service limitations 
impacted on consumer satisfaction. The 2013 survey (USAID IUWASH 2013) showed 
that more than 40% of sampled consumers were dissatisfied with PDAM TB water 
supply reliability, and almost half were dissatisfied with PDAM TB water quality. 
Table 3-2. PDAM TB service comparison from 2012 to 2015 
Description 2012 2015 
PDAM TB Household Connection  81,590 109,980 
Total Households 742,356 869,454 
Total Population 2,786,638 3,246,013 
Average person per household 3.75 3.73 
Source: Derived from USAID IUWASH (2013), and Bappeda Kabupaten Bekasi and BPS 
Kabupaten Bekasi (2016). 
However, the biggest concern, which would be the dominant reason for the 
fragmentation of the urban water supply in Cikarang, was service coverage, which 
was always less than 45% of the PDAM TB service area. In 2012, the service area only 
covered 64 villages from a total of 187 villages in Kabupaten Bekasi. This resulted in 
the PDAM TB service coverage reaching less than 15% of the total population of 
Kabupaten Bekasi (USAID IUWASH 2013). In Cikarang, household connection was 
43,543 in 2015, which covered only 15% of the Cikarang population. 
Research in developing countries, for example in Ujang and Buckley (2002) and 
Hunter, MacDonald and Carter (2010), shows that allocated funds to expand water 
supply distribution cannot align with population growth - a phenomenon which is 
occurring in Kabupaten Bekasi. Even though the national government and West Java 
provincial government frequently provide supporting funds for PDAM TB to expand 
coverage, high population growth becomes the greatest barrier. For example, PDAM 
TB household connections increased by 28,390 from 2012 to 2015 (Table 3-2), but 
33 
 
within the same time frame, the number of total households increased by 127,098, 
or nearly five times the capacity of PDAM TB to expand coverage. 
3.3.2. The private piped water service providers 
Private piped WSPs were established in early 1990, parallel with the development of 
new towns and industrial estates in the Cikarang area. The decision to build a private 
water supply was based on experience that governments were unable to provide 
adequate public infrastructure, including an urban water supply for the population 
Dieleman (2011). For example, in the development of a new town outside Cikarang, 
the private company sought cooperation with PDAM TB to supply water in their area, 
but since the PDAM TB was unable to connect in time with the pace of house 
development, the company decided to provide its own water supply. Connection 
limitations force developers of new towns, who are financially capable (Hudalah, 
Winarso & Woltjer 2007) and need the infrastructure for a large-sized development 
(Dieleman 2011), to build and manage infrastructures in their areas, so that the water 
supply can be built alongside property development.  
However, government regulations (Presidential Decree or Keppres 53/1989 requiring 
industrial estates to provide supporting infrastructure for tenants, and Law No 
4/1992 on housing and settlement seeking to ensure supporting utilities for residents 
in modern housing complexes) have been quoted by developers as reasons for 
building their own infrastructures (interview, 28/10/2015). In reality, even though 
the Keppres and housing and settlement law mandated developers to provide 
infrastructure, they did not prohibit developers from sharing infrastructure as well, 
which usually happened when large concentrations of developers were located in the 
same cluster (Hudalah & Firman 2012; Hudalah, Winarso & Woltjer 2007). The 
practice of building private infrastructure, such as by developers of industrial estates 
and new towns in Cikarang, is also found in other parts of peri-urban Jakarta; for 
example, in the new town development in Tangerang (Dieleman 2011). Other than 
following government regulations, the other justification for developers to build their 
own water supply and other infrastructures is to add value to their properties and 
provide recurring income from infrastructure maintenance (Dieleman 2011).  
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In addition to industrial estates and new town developers, beginning in 2010, some 
private water companies also delivered piped water services to existing modern 
housing complexes. The initiation of such services was by a private company, WEC to 
supply water for modern housing complexes in the Cikarang Barat sub-district. 
Previously, since the complex was established, the residents suffered from a limited 
shallow groundwater supply that required them to seek support from private water 
vendors. The practice was the result of a gap in regulation. The Law No 4/1992 on 
housing and settlement, which was used during the initial development of the 
modern housing complexes, was commonly interpreted by the developer as at least 
providing a hand pump for the residential buyer, with the assumption that 
groundwater deposits in the site were abundant. Unfortunately, in several parts of 
Cikarang, shallow groundwater deposits are limited in amount or low in quality, and 
deep groundwater is expensive to withdraw. As result, some modern housing 
complexes in dry locations without PDAM TB services relied on water vendors for a 
long time until the private water companies were established.  
The scheme of new town and industrial estate water supply is quite different to the 
later private pipe WSPs. The earlier scheme allowed the developers to provide water 
in their own development areas, while the second scheme permitted private pipe 
WSPs (that are not housing developers) to supply several modern housing complexes 
or self-built houses in kampongs. During the initial implementation of the second 
scheme, local regulations regarding private pipe WSPs (and especially service 
coverage) were not prepared thoroughly enough, which led to conflict in 2012 
between PDAM TB and two private pipe WSPs regarding their service coverage in 
Tambun Utara and Cibitung sub-districts. The conflict was resolved by both 
companies, after which the municipal government published a new regulation 
37/2012 on Water Supply Distribution Systems. However, the regulation was not 
implemented fully, which meant that there is an overlapping of service coverage 
between the two companies, such as in Telaga Murni, Cikarang Barat and 
Karangraharja, Cikarang Utara (interview, 3/11/2015). 
In total, there are at least twelve private pipe WSPs that supply water in Cikarang: 
two industrial estate companies (MMT and EJP), three new town companies (PCB, 
PLC and PKD), two housing developer companies (GCC and PCP), and five private 
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companies (WEC, BJA, HAS, PAS and YEN). These numbers exclude companies that 
provide water for their own needs. In 2015, the eight private pipe WSPs supplied 
28,913 household connections. These connections excluded MMT and EJP who 
designated to supply industrial estates, and household connections for PLC and HAS 
because data was not able to be collected. If household connections by these WSPs 
reflect other WSPs established in a similar timeframe (PLC with PCB, and HAS with 
WEC), then the total number of households connected from private pipe WSPs covers 
about 15% of the Cikarang population. 
3.3.3. Community-based water supply (CBWS) 
National and local governments are aware of the limitation of the PDAM’s service 
coverage, so they have designed community-based programs to be implemented in 
some municipalities in Indonesia (Ministry of Public Works of Indonesia 2011). Some 
of the programs include community-based water and sanitation (PAMSIMAS), and 
community-based sanitation (SANIMAS or SLBM). These programs aim to support 
communities without proper access to water supply and/or sanitation, and usually 
include the development of small water supply systems and/or toilets. The purpose 
of these programs is to trigger community involvement in providing an improved 
water supply and/or sanitation for themselves.  
In Cikarang, these programs are run nearly every year in different locations, either 
funded by each level of government or supported by loans or grants from 
international donors. Like any other community-driven project, the CBWS faces 
successes and failures. Even though most CBWS projects come from government 
funding, due to the numbers of projects, the municipal governments do not 
administer or monitor the CBWS efficiently. There is no data on the number of CBWS 
in Cikarang, who succeeds or fails, but data from the national level in 2014 showed 
30% of such projects did not function as expected (CPMU Pamsimas 2014).  
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Figure 3-3. Percentage of domestic pipe water service coverage in Cikarang in 2015 
Sources: Derived from interviews with WSPs; data from MHA and Kabupaten Bekasi 
Profile (Bappeda Kabupaten Bekasi & BPS Kabupaten Bekasi 2016). 
 
The most recent data in 2015 is available from the Municipal Health Agency (MHA), 
showing the number of CBWS from 2011 to 2013, as part of the Integrated Citarum 
Water Resources Management and Investment Program or ICWRMIP (Egis 
International 2011). There were nine CBWS built in Cikarang and two outside 
Cikarang. All continue to operate, with some supplying a very limited number of 
consumers (a minimum of 55 household consumers) and some expanding their 
coverages by building systems from newly-dug bore holes. All the CBWS regulators 
commonly face similar challenges in delivering safe water quality and maintaining 
water distribution systems, as will be discussed further in Chapter 5 (Roekmi, 
Baskaran & Chua 2018). Such problems were recognised from previous CBWS 
projects in other locations in Indonesia (Isham & Kähkönen 1999) and around the 
world (Harvey & Reed 2007; Newman et al. 2002). However, those findings and 
suggestions were not used to predict potential problems when building CBWS in 
Cikarang, so problems still occurred.  
The most challenging problem for CBWS regulators is technical issues in maintaining 
supply distribution. Unlike PDAM TB or other private water companies, who can hire 
water experts to maintain their systems, CBWS systems are operated by local people 
who commonly do not have the technical knowledge to maintain water quality and 
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PCB, 3.7%
PLC, 3.7%
WEC, 2.0%
HAS, 2.0%
GCC , 1.7%
BJA, 1.0%
PKD, 0.6%
CBWS , 0.6%
YEN, 0.4%
PAS, 0.4%
PCP, 0.2%Other, 2.3%
37 
 
water supply distribution. In other locations, such problems have been minimised by 
providing technical assistance from a government officer (Ricks 2016), which has 
improved the performance of the water user association. The same approach, which 
is currently unavailable in CBWS Cikarang, could also be implemented to improve the 
CBWS performance. In 2015, the CBWS systems located in Cikarang supplied 1,801 
households, covering 0.6% of the population. Together with other (public and 
private) pipe WSPs, which operate in five sub-districts of Cikarang, they supply about 
30% of the Cikarang population (Figure 3-3). 
Several piped WSPs (public, private and community-based) seem to run smoothly, 
except where there are conflicts in service coverage, usually due to an overlap 
between two suppliers, as described earlier. With regards to water service 
performance, each of the companies, except the CBWS programs, have their own 
water service performance indicators and try to perform optimally to fulfil consumer 
needs. However, from the perspective of water for public health, economic 
development, and human rights (Kayser et al. 2013), there are some indicators that 
should be fulfilled to ensure population access to safe water as mandated in the 
SDGs. In the Indonesian context, this task should be overseen by the municipal 
government as the key management body in urban water supply provision. Currently, 
the only standardised indicator that should be monitored by the municipal 
government is drinking water quality as mandated by the MOH, which is conducted 
to a limited extent by the MHA. There are other indicators such as those described in 
Kayser et al. (2013) that are mandated by the United Nations (including water 
quantity, reliability and continuity, and tariff affordability). These indicators are not 
yet regulated or monitored by the municipal government, except for PDAM TB, which 
is monitored by Badan Pendukung Pengembangan Sistem Penyediaan Air Minum 
(BPPSPAM)/ Water Supply System Development Support Agency, a body under the 
MPWPH. The absence of this monitoring should not continue to ensure safe water 
deliveries for the population and to avoid unsafe water distribution as happened in a 
modern housing complex in the neighbouring region (Beritasatu 2012).  
3.3.4. Self-provision 
The availability of piped WSP services in an area does not necessarily require 
residents to subscribe to the services, unless they live in new towns where the 
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developers ban residents from pumping groundwater locally. The unwillingness of 
the population to connect to pipe WSPs, especially PDAM, is common in other cities 
such as Jakarta, as described in (Kooy 2014). The reluctance is usually due to PDAM's 
low performance combined with abundant shallow groundwater deposits. The 
combination of these factors have made the population prefer groundwater as a 
more convenient water source (Hadipuro 2010). 
Household individual access to groundwater is supported by law as daily 
consumption of groundwater by households or individual farms is a priority and 
allowed without government permission to meet human basic needs. The basis for 
this right is found in Article 33 of the Indonesian Constitution, which states that "land, 
water and all natural resources belong to the state and will be utilized for the welfare 
of the people". The right is also based on government regulation, PP 121/2015, on 
the use and allocation of water resources. Other local regulations also support this 
practice up to a maximum consumption of 100 m3 per family per month; for example, 
in Central Java (Hadipuro 2010) and in West Java (West Java Province Regulation No 
5/2008 on groundwater). 
On the other hand, self-provision of the water supply for industries or commercial 
activities are regulated by applying for permits to withdraw groundwater or surface 
water. The self-provision of water supply is a common alternative for industries in 
Cikarang. According to municipal and national government agency data (Dinas Bina 
Marga dan PSDA 2014; Perum Jasa Tirta II 2015), in 2014 and 2015 more than 200 
companies had permits to withdraw groundwater, and more than 30 companies had 
permits to withdraw surface water.  
 
Figure 3-4. Spaghetti distribution system 
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Aside from households who access shallow groundwater, the unavailability of pipe 
water services is a problem for communities without shallow groundwater deposits. 
As described earlier, it affects the communities in some modern housing complexes, 
forcing them to rely on water vendors for a long period of time until they obtain a 
supply from a private pipe WSP. However, for communities in a kampong, or villages 
dominated by poor families (Tunas & Peresthu 2010), a combination of limited 
shallow groundwater deposits, the unavailability of pipe water service, and distance 
from a river, create issues of inequality. The most affected communities - the two 
Rukun Warga/RW (community groups) covering an approximate area of 0.5 km2 in 
Kampung Cimahi, Cikarang Pusat - have to rely on rainwater during the wet season 
and water vendors during the dry season. This situation is an example of social 
disparity between kampong and new towns as described in (Firman 2004). However, 
compared to other locations, the spatial segregation here is worsened by the fact 
that the kampong is located side by side by a wall made for a new town and gated 
community, and only a few metres from the new town's main pipe distribution 
system.  
 
Figure 3-5. Water vendors 
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In addition to this social disparity, issues for these communities flow on to water 
hygiene and water affordability. Most families in the location have no option but to 
use low quality water from rainwater collected in ponds, while wealthier families can 
afford the more expensive option of buying water from vendors. Some wealthier 
families who live closer to a PDAM TB pipe distribution are willing to spend extra 
money to get connected to PDAM TB networks as shown in Figure 3-4. Unlike the 
common procedure of PDAM TB meters being installed in consumers' houses, in this 
case, water meters are attached to houses near the PDAM TB main distribution 
system and then connected to customers' houses at their own expense. The 
distribution system is managed individually by each family, which creates a system 
that Kjellén (2006a) describes as spaghettisation (a spaghetti-like distribution 
system). 
3.3.5. Water vendor and water refill station 
Two other types of water provision are private water vendors and water refill 
stations, which constitute an informal intermediate water supply. Water vendors in 
Cikarang range from water peddlers where water is carried in containers in carts 
pushed by a man (Figure 3-5, top), to vehicles with water tanks attached at the back, 
as described in Hadipuro and Indriyanti (2009) or Kooy and Bakker (2008). The two 
most common water vendors nowadays are the larger vehicles that usually carry 
water tanks in a truck (Figure 3-5, below left) to supply industrial companies; and 
water refill stations, or smaller vehicles that carry tanks in a pick-up truck (Figure 3-
5, below right) to supply domestic consumers.  
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Figure 3-6. Household drinking water sources in Kabupaten Bekasi in 2010 
Source: Portal Data Indonesia (2014) 
For water vendor consumers, water tariff and quality could represent an issue of 
social disparity. Water tariffs for domestic consumers range from IDR 70,000 – 
100,000 (USD 5.4 – 7.7) per m3. This is in contrast to the PDAM TB tariff which is about 
IDR 7,100 (USD 0.55) for the same level of consumption (excluding a monthly 
subscription fee). The difference means that a household without access to the PDAM 
TB network could spend almost ten times on water supply compared to a household 
in a PDAM TB serviced area. In this way, water becomes a social disparity issue 
because poor households who live outside the PDAM TB coverage area have to face 
much higher expenses than those wealthier households who live in areas with PDAM 
TB coverage. This reflects the conclusions of previous research findings that the urban 
poor spend more to get their water supply (Evans 2007). 
Water refill stations sell filtered water to consumers for drinking purposes. These 
stations filter water from water vendors (usually with a simple reverse osmosis 
system), and sell the bulk water to consumers who typically provide their own 19 litre 
water containers. Name-brand bottled water and refilled water are a common 
drinking water supplier for the Indonesian population (Hadipuro 2010). According to 
Indonesia’s demographic and health survey from 2012 (BPS et al. 2013), 41.8% of 
urban households in Indonesia consumed bottled water. In Kabupaten Bekasi, the 
proportion is higher, with 56% of households relying on bottled water as the primary 
drinking water source (Figure 3-6).  
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Figure 3-7. TSS, COD, Phosphate and Total coliform concentration in 2014 
 3.4. Diminishing quality of urban water resources 
3.4.1. River water quality 
Firman and Dharmapatni (1994) found that urbanisation in Jabotabek affected the 
quality of water resources in Jakarta and surrounding areas. Accordingly, this increase 
in urbanisation has also affected Cikarang and has not improved in recent years. One 
issue of concern is river water quality in Cikarang and surrounding areas, which is 
monitored every year by the Municipal Environment Agency (MEA). In 2014 water 
quality monitoring was conducted by taking two upstream and downstream samples 
of 18 rivers within three periods of the dry seasons in September, October and 
November (Figure 3-7). The results showed that most primary parameters exceeded 
government mandatory limits for non-raw water categories. For example, the total 
suspended solids (TSS), chemical oxygen demand (COD), and phosphate results in 
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most of the sampled rivers exceeded safe standards, while total coliform was mostly 
close to or exceeded the safe standard in three sampled rivers. The observation value 
from each parameter was used to measure the pollution level, and the results put all 
18 rivers in the category of 'highly polluted' (Pemerintah Kabupaten Bekasi 2015). 
Another study of the Cikarang Bekasi Laut River also found that water from 13 
sampling locations was considered just as heavily polluted (Latif 2016). Furthermore, 
one of Kabupaten Bekasi’s largest rivers, the Citarum River, is also one of the most 
polluted rivers in the world, while the Bekasi River is one of the most polluted 
sections in the Citarum region (ADB 2014).  
River pollution might result from agriculture, domestic or industrial activities. 
However, since many agricultural lands in Cikarang were converted to the 
development of new towns and industrial estates (Firman 2004; Firman & 
Dharmapatni 1994), the size of agriculture activities in Cikarang is decreasing, along 
with the chance/possibility of agriculture causes of river pollution. Alternate 
contributions to pollution might therefore come from industrial and domestic 
activities as the dominant economic activities in Cikarang. 
Together with an open policy for industry in Jabodetabek, the government has also 
mandated each industrial company to treat their waste water. However, compared 
to the size of the industry (including companies with permits and already operating 
in Cikarang), the number of companies that proceed with waste water treatment and 
report this to the MEA is small (Antaranews 2010). Therefore, it is suspected that 
most industrial companies discharge their waste water directly into the river, 
resulting in pollution, but it is difficult for the MEA to prosecute the dischargers due 
to the practice of discharging the waste late at night or during rain. In 2015, an 
industrial estate was fined due to discharging their waste directly into the river 
(Tempo.co 2015). Besides limitations in monitoring and law enforcement of industrial 
waste water discharge, municipal government efforts to improve river conditions are 
also limited. While Prokasih (clean river program) was launched to reduce Ciliwung 
River pollution in Jakarta in early 1990 (Firman & Dharmapatni 1994), such programs 
are rarely implemented in Cikarang, with the last reported program being in 2013.  
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Another source of pollution comes from domestic activities, either from household 
activities or domestic economic activities. The pollution ranges from solid waste 
dumping, to untreated grey water from residential areas being dumped directly into 
the river, which is a practice common in other Indonesian cities (Bakker et al. 2008; 
Firman & Dharmapatni 1994). Kabupaten Bekasi has only one municipal solid waste 
treatment centre, which has already reached its maximum capacity, to cover an area 
with a total of 127,388 ha. The condition and the location of the centre results in 
communities, who are not serviced by municipal solid waste collection, dumping their 
solid waste on the side of any nearby river, mostly by the CBL River that is located 
down-stream from Cikarang (Yusuf Wijanarko 2015). In addition to solid waste from 
domestic activities, the grey water dumped into the river would include improperly-
treated waste water from hospitals, untreated waste water from traditional markets 
and domestic home industries such as soya bean processing (tahu and tempe), 
galvanizing, chicken slaughterhouses, laundries, and car washes (Pemerintah 
Kabupaten Bekasi 2014). 
The water quality of the rivers in Cikarang is already poor, even further upstream. A 
government investigation of the Cikarang River (Pemerintah Kabupaten Bekasi 2014) 
showed that the upstream levels of biochemical oxygen demand (BOD) and COD on 
the Kabupaten Bekasi border exceeded its pollutant load capacity, despite the 
absence of industrial activities in that area. The pollution is suspected to have come 
from economic activities in upstream regions. Similar issues apply to the Citarum 
River, where upstream water quality has degraded (ADB & The World Bank 2013), 
with the major share of pollution coming firstly from organic pollutants from 
domestic activities, secondly from heavy metals from industries, and lastly from 
agriculture. 
In terms of improving river water quality, action should take place to ensure 
improvements in current domestic and industrial activities. At a domestic level it is 
important to have a city waste water treatment plant. However, building a 
centralised waste water treatment facility for the whole of Kabupaten Bekasi would 
be complicated and costly due to the amount of drainage that already flows directly 
to the rivers, as well as the difficulty of land acquisition to build a waste water 
treatment plant. Alternatively, building communal waste water treatments would be 
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preferable considering budgets and the simplicity of such a project, which has been 
implemented in a new housing development in the Cikarang area in 2013. This was a 
project to build a communal waste water treatment plant designed to service 140-
300 houses (DAI 2012), and was funded by the national government. The developer 
prepared the land in its area and connected the piping system from targeted houses 
to the system. In 2015, it had been used by 60 houses and was to be connected to 
another 30-40 houses that were being constructed.  
As residential areas in Kabupaten Bekasi are built in two types of settlements (the 
kampongs and modern housing complexes), the approach for each settlement should 
be differentiated. Utilities in kampongs are mainly subject to municipal government 
programs, while utilities in modern housing complexes are prepared by the 
developers from the planning stage. It would be beneficial for municipal governments 
to issue new regulations for the development of modern housing complexes to 
require them to provide their own communal waste water treatment for each land 
development. This way, greywater from modern housing complexes would be 
treated before being discharged into rivers. 
3.4.2. Groundwater quality 
Groundwater abstraction is a common practice in Indonesia. At the national level, 
93% of total groundwater abstraction was used for public water supply, while 2% was 
used for agriculture and 5% for industry (Margat & Van der Gun 2013).  In Jakarta 
alone, groundwater abstraction supplies 76% of total water demand (Delinom 2015). 
In Kabupaten Bekasi, the available data (Figure 3-6) shows that 34% of water for 
drinking purposes comes from groundwater, but the actual proportion of 
groundwater abstraction maybe higher. This can be concluded from the data (Figure 
3-6) that pipe water only covers 5.3% of domestic consumers and 56% of bottled 
water consumers might also use groundwater for other domestic purposes. 
Moreover, in addition to household groundwater abstraction, 200 groundwater 
withdrawal permits were given to industrial companies in Cikarang and surrounding 
areas (Dinas Bina Marga dan PSDA 2014). 
Due to limited strict monitoring from public authorities of either industrial or 
domestic groundwater use, issues in groundwater abstraction in big cities in 
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Indonesia are related to over abstraction, more consumption than the amount 
reported to public authorities, illegal abstraction, and diminishing groundwater 
quality (Kooy, Walter & Prabaharyaka 2016). Despite a lack of solid data about illegal 
practices in Cikarang, some illegal abstraction that often takes places in Citarum 
might also happen in Cikarang, located downstream of Citarum. This is also of 
concern because the frequency can be three times the reported rate (ADB & The 
World Bank 2013). Furthermore, the impact on the environment that is suggested as 
a result of excessive groundwater abstraction also exists in Cikarang. For example, 
the contaminated groundwater zone in Cikarang was expanded from 1.93 km2 in 
2010 to 5.73 km2 in 2012 (ESDM JABAR 2012) and the subsidence rate in 2009 was 
estimated to be 10.6 cm per year (Chaussard et al. 2013). 
This concern also extends to public health when the groundwater quality which is 
mainly used for household supply is poor. The MHA groundwater quality monitoring 
in 2013 found that samples from residential water sources were contaminated by 
nitrate, manganese, iron and coliform bacteria. Moreover, water samples from CBWS 
household connections in November 2015 and February 2016 (Roekmi, Baskaran & 
Chua 2018) were found to be contaminated by iron, chloride, TDS and coliform 
bacteria, with even a CBWS having problems with the salinity of water. Water salinity 
is found in several places in Cikarang, even though the location is about 40 km from 
the nearest seashore.  
Coliform contamination in groundwater is common in Indonesian cities (Kooy, Walter 
& Prabaharyaka 2016), and it might be subject to current house development 
planning regulations. A developer-built house can be completed at a minimum as a 
simple core house (rumah sangat sederhana) with a surface area ranging from 18 - 
36 m2 (Firman & Dharmapatni 1994; Tunas & Peresthu 2010), usually in a 60 m2 plot 
with 5 x 12 m or 6 x 10 m dimensions, and with adjoining neighbouring houses. As 
piped water services do not necessarily follow a new housing development, 
developers usually provide a hand pump to buyers on the assumption that 
groundwater deposits are available. In these plots the developer will provide a septic 
tank, usually in front of the house. It is common practice that before moving into the 
house, the buyer will dig boreholes as a water source at any site in the plot where the 
septic tank can be located with more than 10 m distance to spare (to avoid 
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contamination to the water source). However, within these limited house plots it is 
not only difficult to maintain a safe distance between the water source and the septic 
tank, but also a safe distance from the neighbours’ utilities. Of course, the potential 
of contamination will be higher in the denser residential areas. 
The policy to allow individual groundwater withdrawal might be suitable for rural or 
low-density areas with plenty of groundwater deposits, but it is vulnerable for high 
density urban areas, especially with limited groundwater deposits as found in certain 
areas of Cikarang. As the region is already experiencing land subsidence and an 
expanded contaminated groundwater zone, there is an urgent need for the 
improvement and strengthening of policies relating to groundwater withdrawal. 
Banning groundwater withdrawal is not advisable since piped water coverage is still 
limited. However, municipal governments along with the provincial governments 
should escalate the monitoring of illegal groundwater withdrawal by industry and 
domestic sources Also, it should be mandatory for housing developers to 
automatically provide piped water services in new modern housing complex 
developments, in order to reduce excess groundwater withdrawal. 
3.4.3. Drinking water quality 
The World Health Organization (WHO 2011a) has released updated drinking water 
quality guidelines as a benchmark for drinking water quality. In Indonesia, the MOH 
provides two water supply standards: the MOH Regulation (Permenkes) 416/1990 for 
clean water and Permenkes 492/2010 for drinking water. Both standards are used to 
monitor WSP water quality compared to the expected quality of water, but for pipe 
WSP, the latest regulations apply. 
Each WSP is supposed to self-monitor its water quality. As a public water supply 
corporation, the performance and management of PDAM TBs are strictly regulated 
by the government, so the PDAM TB continuously monitors water quality during the 
production process. The primary parameters present in government standards are 
monitored every two hours in treatment plants, such as pH or turbidity for raw water 
and additional chloride residue or electrical conductivity for treated water. 
Therefore, the drinking quality standard is usually fulfilled at the treatment stage. 
However, quality sometimes decreases during distribution to consumers due to 
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operational and maintenance problems, which leads to consumer dissatisfaction as 
described in the previous section.  
Private piped WSPs, as required by Permenkes 492/2010, also monitor and maintain 
water quality from raw water to the distributed water. However, performances are 
not reported to the MHA, as mandated by MOH in Permenkes 732/2010 relating to 
the procedures in monitoring drinking water quality. Also, water vendors and water 
refill stations rarely monitor their water quality. The only effort made to maintain 
water quality is by cleaning water appliances frequently as water vendors trust the 
quality of their water sources, in most cases via piped WSP.  
In addition to self-monitoring by WSP, water quality monitoring by municipal 
governments is important and already regulated by Permenkes 736/2010. The 
objective is to prevent WSP from delivering unsafe water, such as an incident 
occurred in a neighbouring region (Beritasatu 2012). This incident was repeated 
several times, including during the long dry season of 2015 (October – November) 
when the housing developer failed to supply safe water to consumers for several 
weeks. At that time, the water was putrid and discoloured due to the diminished 
quality of the surface water source (personal communication). Unfortunately, there 
were no significant steps taken by the developer to inform the consumers 
beforehand, or to replace the water supply by water vendors, and there was also no 
significant attempt from the municipal government to reprimand the company. In 
more developed countries, it would be expected that the WSPs would replace water 
if they failed to deliver safe water to consumers. 
Despite regulations to monitor water quality from WSPs, due to budget limitations 
and non-prioritisation of concerns about safe water delivery, monitoring by the MHA 
(as mandated by Permenkes 736/2010) is only performed on limited samples. 
Monitoring of PDAM TB water quality in treatment plants and at the consumers' taps 
is performed monthly under the PDAM TB budget, while monitoring of private pipe 
WSP has only been carried out once between 2013 and 2015, and in very limited 
numbers. Monitoring of water samples from water refill stations has been conducted 
annually since 2013 for about 100 - 150 samples, while water samples from water 
vendors has never been monitored.  
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The MHA monitoring of PDAM TB water quality showed that 21% and 22% of PDAM 
TB household samples (in 2014 and 2015 respectively) were contaminated by 
coliform.  On a few occasions, water quality in some reservoirs exceeded government 
safety levels covering NO2, manganese, turbidity and colour. Monitoring of water 
refill stations in 2013, 2014 and 2015 found that 33%, 35% and 34% (respectively) of 
water from sampled water refill stations were contaminated by coliform bacteria 
(some of which were also contaminated by faecal coliform bacteria) and 4.63% of 
2015 samples exceeded chemical concentration standards. The same situation has 
also occurred in other Indonesian cities, such as an incident in Bogor, where water 
from water refill stations was contaminated by coliform and Hepatitis A (Roekmi 
2017). 
Coliform contamination in water from refill stations will have a greater impact on 
human health because consumers tend to consume the water without boiling. 
Therefore, immediate action should be taken following an inappropriate water 
quality monitoring result. However, the MHA's action is limited to only informing the 
refill stations and requiring them to improve the quality by following the standards, 
without having the power to actually ban the refill station. The action is taken 
according to the assumption that the contamination came from the refill stations, 
while on the other hand, the contamination may have also come from water vendors, 
as the refill stations’ water source. Water vendors are not subject to water quality 
monitoring. 
Therefore, to ensure safe water delivery the MHA should expand its water quality 
monitoring to private pipe WSPs and water vendors, as regulated in Permenkes 
736/2010. Additionally, in case of failure in delivering safe water quality, the 
Permenkes regulation has provided notification steps including verbal warnings and 
written warnings to prohibit the delivery of contaminated drinking water. The 
regulations are clear, but municipal governments should take further action in their 
implementation.  
Currently, comprehensive government regulation (despite not yet being conducted 
properly) only applies to water quality. It has not been applied to other WSP service 
indicators that could also affect public health and human rights (Kayser et al. 2013) 
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such as water continuity (whether water runs throughout 24 hours), water quantity 
(whether water is supplied in proper amounts), and tariff affordability (whether 
water prices are affordable for the poorest households). There is a standardised key 
performance monitor that applies to PDAM TB and covers those indicators, but none 
applies as a monitoring indicator for other WSP.  
3.5. Conclusion  
Urban water supply provision has become a challenge to Indonesian governments, 
especially when the key responsibility resides with municipal governments. For 
Cikarang, which is under the Kabupaten Bekasi municipal government, the challenges 
are greater because the area is not only dealing with common urban water 
management challenges such as urbanisation and high population growth, but also 
with industrialisation and new town development (and their multiplier effects). These 
challenges, together with poor public water supply performance and low levels of law 
enforcement from the municipal government, have resulted in low piped water 
coverage, a fragmentation in water supply services, low water supply quality, and 
surface and groundwater pollution.  
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Abstract 
A consumer perception survey was conducted across 13 WSPs in Cikarang, Indonesia, 
to evaluate WSP performance around water continuity, supply pressure, water 
quality, and tariff affordability. The results showed that: (1) most respondents place 
water continuity as the most important indicator and expect uninterrupted supply; 
(2) significant differences exist between respondent expectations and perceptions, 
where most respondents perceive WSP performance as lower than what they expect; 
(3) consumer perceptions of performance were better for privately owned WSPs than 
government WSP. In the absence of performance monitoring and water surveillance, 
consumer perception can provide accurate initial assessments on performance, 
especially in identifying WSPs that perform poorly.  
Keywords  
Performance indicator, consumer perception, sustainable development goals 
4.1. Introduction 
The former Millennium Development Goals (MDGs) drinking water target, as part of 
the United Nations’ program to improve sustainable access to safe drinking water has 
previously been criticised (Clasen 2012; Hutton & Chase 2016; Satterthwaite 2016). 
The target measures the number of households with improved water (WHO & 
UNICEF undated), but this has been criticised as it did not account for quality, 
quantity, and accessibility to water (Clasen 2012; Hutton & Chase 2016; Satterthwaite 
2016; Thomson & Koehler 2016). It can also be argued that the target did not account 
for settlement characteristics, which would distinguish indicators between urban and 
rural settlements. Furthermore, Satterthwaite (2016) suggested that instead of 
improved water sources, water piped to premises should be the primary indicator to 
meet drinking water targets in urban areas. 
The requirement for drinking water targets in the Sustainable Development Goals 
(SDGs), as a continuation of the MDGs, is an improvement, as it delineates water 
source into several levels or ladders: no service, unimproved, limited, basic and safely 
managed service levels (WHO & UNICEF 2017b). The current ladder places water 
piped to premises on the highest rung (safely managed service level), as long as it 
satisfies the requirement that it is “available when needed and is free of faecal and 
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priority chemical contaminations” (WHO & UNICEF 2017b). However, this is a 
substantial challenge in urban water supply, especially in developing countries, 
where piped water supply is often poorly delivered (Bakker 2010; Danilenko et al. 
2014; Lee & Schwab 2005). Therefore, to ensure that water is delivered at a safely 
managed service level, rigorous assessments on piped water service providers (WSPs) 
should be conducted.  
Assessment of water service's performance indicators (PIs) is conducted on WSPs to 
evaluate their performance, and optimize the efficiency and effectiveness of their 
systems (Alegre & Association 2006; Fekete & Stakhiv 2014; Vilanova, Magalhães 
Filho & Balestieri 2015). From the government's point of view, surveillance on PIs is 
needed to ensure that WSPs deliver an adequate service level. Consequently, the PIs 
consist of certain categories and variables that significantly influence WSP 
performance and are frequently measured through performance monitoring. When 
PIs are able to meet the benchmark, it is assumed that a company is able to supply 
water at an adequate level to the community.  
Performance monitoring is an important procedure conducted to understand the 
condition of water supply distribution systems and is a tool used for water 
surveillance. It provides data on the condition of water samples at the time of 
sampling and can be used to indicate the condition of the entire supply system 
(NHMRC 2011; WHO 2011a). Consequently, it is important to prepare a proper 
sampling protocol that includes determining the required number of samples to be 
taken, sampling locations, sampling frequency and sampling time, and may result in 
a complicated procedure. The technical challenges associated with sampling 
requirements for water quality monitoring and poor enforcement (Steynberg 2002) 
are possible reasons why performance monitoring is not conducted frequently, even 
in developed countries (Hunter, MacDonald & Carter 2010). 
In contrast to performance monitoring, some institutions (NHMRC 2011; WHO 
2011a) and studies (de França Doria 2010; Turgeon et al. 2004) support the need to 
gather information about PIs from the consumers' point of view as a validation of 
WSP performance (NHMRC 2011). An added benefit of this approach is that incidents 
adversely affecting water supply can take place in locations that are not included in 
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performance monitoring or occur outside of sampling times. Given that consumers 
are usually the first to notice and respond when affected by problems in a water 
supply distribution system, and especially in places where performance monitoring is 
conducted infrequently, consumer perception would be a suitable tool to obtain 
qualitative information on WSP performance. 
The consumer-perception approach, which is known as Gap-5 of the service quality 
(SERVQUAL) model (Parasuraman, Zeithaml & Berry 1985; Zeithaml, Berry & 
Parasuraman 1988) is commonly used to measure service quality by comparing 
consumer expectation and perception (Zeithaml et al., 1988 in Sum Chau & Kao 
2009). In performance monitoring, it is common practice that PIs adopt a benchmark 
when comparing current with previous performance (Alegre & Association 2006). For 
consumer-perception approach, the consumers' expectation is used as a benchmark, 
as it is influenced by “word of mouth communication, personal needs, and past 
experience” of service performance (Parasuraman, Zeithaml & Berry 1985; Zeithaml, 
Berry & Parasuraman 1988). In Gap-5, service quality is determined by considering 
five indicators: tangibles, reliability, responsiveness, assurance, and empathy 
(Parasuraman, Zeithaml & Berry 1985; Sum Chau & Kao 2009; Zeithaml, Berry & 
Parasuraman 1988). In this research, we do not aim to evaluate a WSP as an entity 
providing a service to the consumer, but rather, to determine if its product, that is, 
piped water supply, meets consumers’ expectations focusing on health and safety 
considerations. We propose to measure consumer satisfaction using the consumer-
perception approach, albeit based on water supply related indicators. 
Previous research related to consumer perception of water supply focussed largely 
on water quality (de França Doria 2010; Turgeon et al. 2004). However, it is also 
important to gather consumer perceptions of other indicators of WSP performance, 
especially with regards to principles consistent with water availability as a human 
right and public health. In Indonesia, this is also consistent with the government's 
role in achieving the SDG drinking water target of “achieving universal and equitable 
access to safe and affordable drinking water for all by 2030” (UN 2015b). The 
objective of this research therefore, was to develop a measure of consumers' 
perception of WSP performance based on the SDG drinking water target. While the 
SDGs recognize other drinking water sources as improved water sources that could 
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fulfil the target (WHO & UNICEF 2017b), the discussion here will be limited to 
investigating the performance of piped water, as the highest rung of household 
drinking water source (WHO & UNICEF 2017b), and the water source should be that 
devoted to urban settlements (Satterthwaite 2016). The study area is Cikarang, an 
urban area in Kabupaten Bekasi, West Java, Indonesia. This area is served by several 
WSPs and performance monitoring on WSP PIs is limited (WHO & UN Water 2015). 
4.2. Performance indicators for sustainable development 
The drinking water target of the SDGs is measured by quantifying the proportion of 
households with access to safely managed drinking water services (WHO & UNICEF 
2017a). Water is expected to be located at the premises, available when needed, and 
free of faecal and chemical contamination. This means that a safely managed drinking 
water source should satisfy accessibility, availability and quality criteria (WHO & 
UNICEF 2017b). Here, water accessibility refers to the collection of water, which is 
not applicable for piped water service, the focus of this study. For this reason, the 
accessibility criterion is not considered. The term water availability requires water to 
be available in sufficient amounts above a minimum level, and without interruption 
(WHO & UNICEF 2017b). The standards for availability vary. For example, Gleick 
(1996) states the need for 50 lpcpd as a fundamental human right, The World Health 
Organization (WHO) refers to 20 lpcpd for basic access (Howard et al. 2003), and the 
Indonesian government (The Ministry of Home Affair Regulation, Permendagri 23/ 
20063) states 60 lpcpd or 10 m3 per household per month is required for drinking 
purposes. For WSPs, the challenge to fulfil the availability requirement is mostly 
based on water continuity and supply pressure. The SDG drinking water target also 
requires water to be affordable for communities across socio-economic status and 
levels, thus resulting in an additional criterion of affordability, replacing accessibility. 
Consequently, there are four indicators to monitor WSP performance based on SDG 
drinking water target: water continuity, supply pressure, water quality, and tariff 
affordability. These indicators were used in our study as benchmarks to evaluate the 
performance of WSPs in our study. 
 
                                                     
3 The regulation was renewed by Permendagri No. 71/2016, but the contents discussed here were 
unchanged. 
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4.2.1. Water continuity 
The SDG target calls for drinking water to be available when needed. Ideally, this 
means that water flows from the tap whenever required. In reality, piped water in 
many developing countries flow intermittently and for less than 24 h per day (Bakker 
2010; Danilenko et al. 2014; Lee & Schwab 2005) and there will be times when 
households do not have access to water. When the service is delayed for longer 
periods of time, minimum household water requirements may not be met. 
Intermittent water service can also cause contamination in the distribution system 
(Kumpel & Nelson 2013; Lee & Schwab 2005; WHO 2011a), increase the risk of 
households reducing water consumption to less than minimum requirements, and 
increase the risk of households adopting less hygienic practices (Fan et al. 2014). For 
these reasons, it is important to provide water consistently over 24 h per day, in the 
interest of public health. 
4.2.2. Supply pressure 
Supply pressure plays an important role in water supply. If supply pressure is very 
low, households will require more time to receive the water they need. 
Unfortunately, low supply pressure is a common problem in developing countries, at 
the extreme being available only in drips (Lee & Schwab 2005). Research has shown 
that low supply pressure can also cause flow reversals and contribute to water 
contamination (Lee & Schwab 2005; WHO 2011a). This can, in turn, cause users to 
turn to alternative water sources which may be less safe (Bakker 2007). For these 
reasons, supply pressure is also suggested as a performance indicator in WHO 
guidelines (WHO 2011a). 
4.2.3. Water quality 
This indicator might be the most important aspect of public health and is a key aspect 
for MDG and SDG water and sanitation goals. The most significant concern is that 
unsafe water, together with poor sanitation, can lead to diarrhoea, which is a major 
cause of child mortality and other diseases (Wolf et al. 2014). Therefore, the SDG safe 
water target aims for every household to have access to drinking water in “good” 
condition, free from faecal and chemical contamination (WHO & UNICEF 2017a). The 
(WHO 2011a) provides guidelines that are used as a benchmark for water quality 
standards internationally.  
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4.2.4. Tariff affordability 
This indicator is needed to ensure the achievement of “affordable drinking water for 
all” (WHO & UNICEF 2017a). As for the case of water continuity and supply pressure 
indicators, tariff affordability is important to ensure that users who cannot afford safe 
water do not shift to more affordable but less safe water sources, reducing water 
consumption below minimum requirements, or reducing the consumption of other 
essentials, such as food or education (Hutton 2012). The expectation of tariff 
affordability varies in several countries (Smets 2017), but the United Nations 
Development Programme (UNDP 2006) suggests tariff affordability to be a maximum 
of 3% of household income for water expenses. The Indonesian government 
(Permendagri 23/2006) sets its affordability threshold at 4% of wages for 10 m3 
consumption per month as the minimum water requirement.  
 
Figure 4-1. Map of the study Area 
 
4.3.  Methodology 
4.3.1. Study site and current conditions 
Cikarang is an urban settlement under the jurisdiction of the Kabupaten Bekasi local 
government. It is located to the east of Jakarta and alongside the Jakarta-Cikampek 
toll road (Figure 4-1). After massive development of industrial estates and new towns 
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in Cikarang, from the late 1980s (Hudalah 2013), Cikarang has now the biggest 
concentration of manufacturing industries in Indonesia (Hudalah 2017). The 
development of industrial estates created jobs (Hudalah 2013) and migration of 
workers from other regions in Indonesia. As a result, Cikarang's population increased 
from 137,875 in 1990 (BPS 1990) to almost one million in 2015 (Bappeda Kabupaten 
Bekasi & BPS Kabupaten Bekasi 2016). Although water supply to the area would 
naturally include industrial use, consistent with the SDG drinking water target, this 
study is focusing on water supply for domestic use only. 
In almost all Indonesian cities, water supply is managed by Perusahaan Air Minum 
Daerah (PDAM) or the City Drinking Water Company, owned by the local 
government. The PIs for each PDAM, which include financial, service, operational and 
human resources, are evaluated annually by Badan Pendukung Pengembangan 
Sistem Penyediaan Air Minum (BPPSPAM) or Water Supply System Development 
Support Agency, a national government agency. The result of this evaluation is used 
to rank the performance of the PDAMs. The creation of competitiveness among the 
PDAMs is an effort at encouraging the PDAMs to perform at acceptable levels. In 
general, intermittent water supply is a common feature of PDAMs. The performance 
of PDAMs with regard to water quality is mixed. Out of 368 PDAMs, only 34%, 37% 
and 35% PDAMs, in 2012, 2013 and 2014, respectively, managed to maintain at least 
90% of samples meeting drinking water quality standards (BPPSPAM 2013, 2015a, 
2015b, 2015c, 2015d). 
In some Indonesian cities, other private or community owned WSPs might also supply 
water, in addition to PDAMs. In Cikarang for example, initially, municipal water supply 
was only provided by PDAM TB; however, other community-based water supply 
(CBWS) projects that were created from government funding, catering to 
communities outside areas covered by PDAM TB, have since been included. With the 
development of new towns and industrial estates in Cikarang, industrial developers 
and other private water service companies have since begun to supply water to 
Cikarang as well. Thus, in 2015, in addition to PDAM TB, several CBWS together with 
ten other private companies have been supplying water in Cikarang. These 
organisations together serve piped water to 218 out of a total of 417 Rukun Warga 
(RW) or community groups, covering about 30% of Cikarang's population. 
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Unlike the PDAMs, which are monitored by the BPPSPAM and have a standardized 
PI, private WSPs (all CBWS and private companies) do not have to follow a 
standardized PI, except for water quality. A Ministry of Health Regulation (Permenkes 
736/2010), mandates regular water quality monitoring by each WSP and the 
Municipal Health Agency (MHA), which is a government agency. Although Permenkes 
736/2010 was issued in 2010, the requirements were not implemented rigorously in 
Cikarang, except by PDAM TB. PDAM TB conducts monthly water quality monitoring 
as required for PIs reporting to BPPSPAM. On the other hand, private WSPs do not 
conduct water quality monitoring strictly to Permenkes requirements. Preliminary 
interviews with five private WSPs in Cikarang revealed that only one private WSP 
monitored water quality samples at the households once per month. Other private 
WSPs did not conduct monitoring at the frequency or quantity required. In addition 
to private WSPs, there is also evidence to suggest that some CBWS did not monitor 
water quality at all (Roekmi, Baskaran & Chua 2018). Besides monitoring by WSPs, 
the Permenkes also mandates surveillance by MHA. However, this is often not 
conducted according to regulatory standards. Since 2013, water quality surveillance 
by MHA focused only on water refill stations. The agency allocated about IDR 100 
million (about USD 7,700) annually for investigating water quality of samples 
collected from about 100 refill stations. However, water quality monitoring on private 
WSPs has been carried out infrequently; in 2013, monitoring occurred only once, and 
only a very limited number of samples were taken. Without proper surveillance and 
monitoring, it is questionable if a proper evaluation of the quality of water supply can 
be carried out. 
The performance of PDAM TB is classified as “good” by BPPSPAM (BPPSPAM 2013, 
2016c). However, frequent water quality monitoring alone does not guarantee a 
consistently good quality water supply. In Australia for example, a good standard 
would entail at least 95% of samples meeting standards (NHMRC 2011). Data for 
PDAM TB, from 2011 to 2015 showed that the percentage of samples that met water 
quality standards were 84.8%, 74.1%, 95.1%, 88.3%, and 91.7%, respectively 
(BPPSPAM 2013, 2016c). In other reports, Municipal Health Agency (MHA) 
monitoring showed that in 2014 only 78.82% of PDAM TB's household water samples 
met the standard for total coliform. A secondary concern is that the monitoring 
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results are not immediately used to rectify problems causing poor water quality, 
rather are used only for reporting purposes. However, water quality is not the only 
indicator of PDAM TB's underperformance. In 2011, 2013, 2014, and 2015, PDAM 
TB's water continuity was recorded as always less than 24 h. Supply pressure was 
always low, except for 30.4% and 41.1% of consumers in 2014 and 2015, respectively 
(BPPSPAM 2016c). The data on water continuity is also supported by PDAM TB 
surveys (USAID IUWASH 2013) where 41% of respondents complained about 
problems with water continuity. A list of consumers' complaints about water 
continuity and information about supply interruption, which dominated newsfeeds 
in 2016, can be found in PDAM TB's Twitter feed (@tirtabhagasasi)4.  
Table 4-1. Population size and households included in the study 
WSP5 
Total number of household 
connections in 2015 
Number of 
RW 
Number of 
RWs included 
in the study 
Number of 
households 
surveyed 
PDAM TB 43,543 113 2 40 
PCB 10,665 20 2 40 
PLC NA*) 14 2 40 
PKD 1,863 6 2 40 
WEC 5,678 19 2 40 
BJA 3,000 9 1 20 
GCC 4,814 9 1 20 
PCP 700 2 1 20 
YEN 1,143 7 1 20 
PAS 1,050 2 1 20 
HAS NA 3 1 20 
CBWS PT1 318 3 1 20 
CBWS PSS 55 2 1 20 
TOTAL 72,829** 218** 18 360 
* NA = not available (data is not available or could not be obtained) 
** Does not include 7 other CBWS institutions (1,428 connections) and PLC and 
HAS data which are unavailable. 
The above observations indicate that supply performance is becoming a concern in 
Cikarang and raises an important question: When PDAM TB, which is subject to 
regular surveillance by government agencies, is not performing well, how can other 
                                                     
4 Since January 2018, PDAM TB's twitter account was changed to @tirta_bhagasasi. 
5 Names of WSPs are abbreviated  
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WSPs which are not monitored be expected to perform up to standards? Currently, 
surveillance of WSP performance is rarely implemented in Indonesian cities (GLAAS 
2015), including Cikarang. Therefore, although the consumer perception survey 
conducted in this study serves to provide initial information about WSP performance 
in Cikarang, the results can be expected to be representative of other cities with 
similar situations in Indonesia. 
4.3.2. Data collection and analysis 
Consumer perception of WSP service performance was obtained by gathering 
responses from consumers of WSPs in the Cikarang area. A preliminary survey was 
conducted before the consumer perception survey to obtain information about an 
individual household's water source. The 218 RWs that are supplied water piped to 
their homes were surveyed to provide the baseline information of the population 
(Table 4-1). Following the surveys, the 218 RWs were then clustered based on their 
WSPs. One or two RWs was then randomly chosen, roughly in proportion to the total 
number of household connections in each WSP. However, no information was 
available on the total number of CBWS and total household connections from two 
private WSPs, PLC and HAS (Table 4-1). Therefore, the number of RWs for PLC and 
HAS was determined based on total household connections of similar WSPs (PCB for 
PLC and PAS for HAS) and two CBWS samples (PT1 and PSS) were randomly chosen 
as representatives of all CBWS (total of 9 major CBWS in Cikarang). In this way, at 
least 20 households were chosen from each RW studied, giving a total of 360 
households surveyed.  
The survey was conducted by three interviewers from 27 August 2016 to 17 
September 2016. Interviews were conducted at the same RW at any given time, with 
the interviewers approaching different homes. The questionnaire asked about 
consumers’ expectations and perceptions about the performance of the WSP that 
supplies water to their homes. Interviewees were given a description of the four PIs 
together with the objective of the research, and if the respondent agreed to 
participate, they were read the questions from a questionnaire and their responses 
recorded. On a few occasions, the respondents read and answered the questionnaire 
on their own. Each questionnaire consisted of 30 questions and it took about 20–30 
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min to complete. The survey was voluntary, and 360 respondents participated by 
completing the questionnaires. A total of 47 households refused to be interviewed.  
Data from the survey was analysed using the Likert 5-point scale (Allen & Seaman 
2007). During the survey, consumers were asked to provide their response to each 
PI. A score of 1 on the scale indicates worst performance, and 5 the best. When 
applied to the PI for water continuity, for example, a score of 1 for water continuity 
would mean that water never flows while a score of 5 means that there is no 
interruption to water supply. While water continuity measurement can be quantified 
by the number of hours of operation, feedback on other indicators are based purely 
on respondent opinions. Hence, the highest score of 5 would also imply the strongest 
supply pressure, the best water quality and the most affordable tariff, for example, 
consistent with the highest level of service that respondents expect, and reflects 
respondent opinions based on past experiences about service performance. Finally, 
as respondent opinions are provided in an ordinal Likert scale of 1–5, the data were 
analysed using non-parametric tests (Allen & Seaman 2007), at 95% level of 
confidence, evaluated using SPSS Statistics (IBM Corp 2016). 
4.3.2.1. Consumer perception survey as a tool to indicate WSP performance 
A consumer perception survey can be a good indicator of WSP performance if 
consumers have a common expectation of a PI, which is similar to a standard in 
performance monitoring. For example, if a PI has one standard as the benchmark, 
consumer expectations are also expected to have one single benchmark. This can be 
evidenced by a consumer expectation distribution, which should be clustered at a 
single peak at the highest score (score 5). Therefore, we used the Friedman test 
(Salkind 2010) to test the hypothesis that: H10 = Consumer's expectations of WSP 
performance across four indicators are similar. 
4.3.2.2. Gap between expectation and perception 
Typical performance monitoring compares monitoring results with standards to 
determine whether WSP performance is adequate. A consumer perception survey, 
however, identifies the gap between expectation and perception, which is calculated 
by subtracting the score for respondent expectation from respondent perception. A 
tie is obtained if expectation equals perception, however, the critical result would be 
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when the gap is negative, meaning that the WSP performance does not meet the 
consumer expectations. Hence, the next analysis was to identify the differences 
between consumer expectation and perception for each PI. As the measurement 
includes paired samples for two entries of responses (expectation and perception), 
the Wilcoxon signed rank test (Salkind 2010) was conducted for each PI testing the 
hypothesis that: H20 = There is no difference between consumer expectations and 
perceptions for the individual PI.  
Table 4-2. Profile of respondents. 
Grouping Percentage of 
responses 
95% 
Confidence 
Interval 
Grouping Percentage of 
responses 
95% 
Confidence 
Interval 
Gender Role in family 
Male 33.9 29.0, 38.8 Head of family 32.8 28.0, 37.6 
Female 66.1 61.2, 71.0 Homemakers 64.4 59.5, 69.3 
   Child 2.5 0.9, 4.1 
   Relatives 0.3 -0.3, 0.9 
Age Education 
 18 – 19 1.1 0, 2.2. Not graduated JHS 16.7 12.8, 20.6 
 20 – 29 14.4 10.8, 18.0 Graduated JHS 13.1 9.6, 16.6 
 30 – 39 40.8 35.7, 45.9 Graduated SHS 49.2 44.0, 54.4 
 40 – 49 29.7 25.0, 34.4 Bachelor degree 20.0 15.9, 24.1 
50 and above 13.9 10.3, 17.5 Postgraduate 0.8 -0.1, 1.7 
   No response 0.3 -.0.3, 0.9 
Length of residency Number of occupants 
0 - 4.9 30.6 24.1, 37.1 1 1.1 0, 2.2 
5 - 9.9 26.4 20.2, 32.6 2 6.4 3.9, 8.9 
10 - 14.9 11.1 6.7, 15.5 3 24.4 20.0, 28.8 
15 - 19.9 9.4 5.3, 13.5 4 36.4 31.4, 41.4 
20 - 24.9 7.2 3.6, 10.8 5 21.9 17.6, 26.2 
25 and above 15.3 10.2, 20.4 6 and above 9.7 6.6, 12.8 
Drinking water source Total monthly water expense as a percentage of 
household expenses 
Bottled water 55.3 50.2, 60.4 3% or less 8.6 5.7, 11.5 
Refilled water 37.5 32.5, 42.5 3.1 – 6% 24.4 20.0, 28.8 
Boiled water 4.7 2.5, 6.9 More than 6% 51.1 45.9, 56.3 
Filtered water 1.4 0.2, 2.6 No response 15.8 12.0, 19.6 
No response 1.1 0, 2.2    
 
4.3.2.3. Comparison of WSP performance 
With the exception of PDAM TB, the performance of other WSPs is not known. This 
is either due to the fact that there are no results simply because monitoring has not 
been carried out or if results are available, they have not been made public. The 
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consumer perception survey is thus an invaluable tool to compare WSP performance 
across all the four PIs. The non-parametric Kruskal-Wallis test (Allen & Seaman 2007; 
McDonald 2009; Salkind 2010) was used to check whether the performance of all 
WSPs based on consumer perceptions is similar for individual PI. In addition, we also 
analysed respondent perception of overall performance by summing up the scores 
for the four indicators into one single number describing the overall perception for 
each WSP. The results were normalized with PDAM TB rank, which is used as a 
benchmark, since PDAM TB is the only WSP in compliance with monitoring 
requirements. Thus, if a WSP was ranked below PDAM TB, we assumed that their 
performance, if based on a performance monitoring measure, would be lower than 
PDAM TB. We therefore tested the hypothesis that: H30 = Consumer perception of 
WSP performance across all WSPs is similar. 
4.4. Results 
4.4.1. Respondent profiles 
The survey was conducted during both weekdays and weekends, so as not to exclude 
the head of the family in the survey, as they would normally work on weekdays. As 
shown in Table 4-2, respondents were dominated by females (66.1% female 
compared to 33.9% male respondents). The dominance of females in the responses 
was translated into the roles the respondent played in the family, with 64.4% of 
respondents identifying themselves as homemakers (“housewives”), followed by 
32.8% identifying as a head of the family, 2.5% identifying as a child (aged 18 years 
or above), and one respondent identifying as a relative of the family who resided in 
the home. Among the respondents, 70.5% were aged 30–49, 15.5% aged below 30, 
and 13.9% aged 50 or older. 
Respondent education levels were largely Senior High School (49.2%) followed by 
Bachelor degree (20.0%), not having completed Junior High School (16.7%), 
completed Junior High School (13.1%), and Post Graduate degrees (0.8%). Most of 
the respondents (69.4%) had been living in their current homes for at least five years, 
with 15.3% having lived there for 25 years or more. As a majority of the respondents 
had been living in the area for five years or more, the results should reflect their long-
term experience. This sample distribution provides a detailed picture of consumer 
opinion of WSP performance based on their prior experience (de França Doria 2010). 
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Occupancy levels in the residences surveyed were mainly 3 to 5 people per household 
(82.7%). This is close to the average occupancy in Kabupaten Bekasi which is reported 
to be four (Bappeda Kabupaten Bekasi & BPS Kabupaten Bekasi 2016). 
In addition to piped water, most respondents also consumed bottled water bought 
directly from the store or water refilled from refill stations. Our survey showed that 
55.3% bought bottled water while 37.5% consumed refilled water. This overall figure 
for bottled and refilled water consumption is slightly higher than Kabupaten Bekasi 
(Portal Data Indonesia 2014) which is 56% (bottled and refilled) according to the 2010 
census. Respondents also boiled (4.7%) or filtered (1.4%) separately sourced water 
before drinking. As most respondents also consumed bottled and refilled water, their 
total monthly expense for water would include these costs. Most (51.1%) 
respondents spent more than 6% of their monthly expenses for their water needs, 
24.4% spent between 3.1%–6% and 8.6% of respondents spent 3% or less. This result 
reveals that more than 75% of the respondents spent money for water beyond the 
UNDP affordability standard of 3% of household income (UNDP 2006). The other 
15.8% of respondents preferred not to divulge their monthly expenses. 
 
 (a) Water continuity (b) Water quality 
 
 (c) Supply pressure (d)Tariff affordability 
 
Figure 4-2. Percentage of score of respondent expectations and perceptions of each 
PI. 
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4.4.2. Consumer perception survey as a tool to indicate WSP performance 
H10=Consumer's expectations of WSP performance across four indicators are similar. 
The results from the survey are shown in Figure 4-2. Among the PIs considered, water 
continuity is considered the most important with more than 75% (highest percentage 
response among all the PIs) indicating 5, and with the lowest expected value of 3. 
This means that most consumers expect water to be available for 24 h per day. 
Feedback received from families with very young children was that water continuity 
is very important and becomes a significant barrier when it was not available 24 h per 
day. On the other hand, less than a quarter of respondents who assessed the 
performance of water continuity as less than 5 may have based their response on the 
common practice in Indonesian PDAMs, where water in some sections of service 
areas is supplied less than 24 h per day (BPPSPAM 2015a). The fact that most 
respondents placed water continuity as the most important PI implies that water 
continuity is an important criterion that should be considered in the implementation 
of the SDGs. Currently, SDG monitoring protocol mandates 12 h operational hours as 
the minimum requirement for water (WHO & UNICEF 2017a), which might not be 
sufficient, as shown in this survey. 
The Friedman test was used to check if respondent opinions differed between each 
indicator. The test showed that there is a statistically significant difference in 
respondents’ expected PIs (χ2(3)=430.763, DF=3, p=0.0). This suggests that 
respondent expectations are different among the four indicators. However, the test 
does not provide information on the combination of indicators that are different. To 
study this, a post hoc test - the Wilcoxon signed rank test with Bonferroni adjustment 
for six combinations of indicators comparison (p=0.05/6=0.0083) was applied. The 
results reveal that paired combinations of respondent expectations of various PIs 
were significantly different, except for expectations of water quality and supply 
pressure which were not significantly different (Z=- 0.020, p=0.984).  
Following water continuity, an insignificant difference between water quality and 
supply pressure shows that respondents tend to expect both indicators to perform 
similarly. As for tariff affordability, respondent expectations tended to be distributed 
differently compared to other indicators. For water continuity, water quality and 
supply pressure, the medians of respondent expectations were 5, which shows that 
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most respondents expected the best performance. However, when it came to tariff 
affordability, the median score of respondent expectation was score 4, with at least 
25% of respondents expecting a score of 3 or less. Only for tariff affordability, were 
respondents’ expectations split into two groups, with scores of score 3 and 5, 
respectively (Figure 4-2(d)). Further investigations showed that there are two 
extreme groups. The first group consisted of 52% of respondents who scored ≥4 for 
tariff affordability and scored 5 for other PIs. The rationale of this group is to 
maximize their expected utility (Dorman 2014) by expecting that the most affordable 
tariff will be accompanied by the best performance. The second group of 11% of 
respondents who scored ≤3 for tariff affordability and scored 5 for other PIs 
rationalised that the better performance comes at a higher cost. 
 
Figure 4-3. Gap between respondents' expectation and perception. 
Our experience with the consumer perceptions survey shows that it can be a useful 
tool to indicate water continuity, water quality, and supply pressure performance. 
However, extending it to indicate tariff affordability may be problematic since 
consumers have different standards for tariff affordability, and for most, the 
perception is positive as shown by the spread in results over the 3–5 range (Figure 4-
2(d)). Indeed, measuring tariff affordability has also been found to be difficult for SDG 
monitoring protocol (Smets 2017; WHO & UNICEF 2017a). Apparently, from a 
consumer point of view, a willingness to pay survey (see for example Whittington, 
Lauria & Mu 1991) might be a better approach. Notwithstanding this observation, we 
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have continued to analyse tariff affordability based on consumer perception as it can 
still provide valuable information.  
4.4.3. Gap between expectation and perception 
H20=There is no difference between consumer expectations and perceptions of the 
individual PI. 
Figure 4-3 provides information on the gap between respondent expectations and 
perceptions. Water continuity, which is the PI with the highest expectation, was also 
the indicator with the highest perception, with 54% of respondents agreeing that 
water continuity was performing as expected. The highest negative gap is for water 
quality, where nearly 70% of respondents thought that water quality was not up to 
par. This is followed by supply pressure where 60% of respondents said that pressure 
was lower than expected, and tariff affordability where 55% of respondents thought 
that tariffs were higher than what would have been reasonable. 
 
Figure 4-4. Mean rank of respondent perceptions of WSP performances. 
A Wilcoxon signed rank test performed on the data showed that there are significant 
differences between consumer expectations and consumer perceptions of WSP 
service across the indicators. This means that despite some individuals having their 
expectations met (ties in Figure 4-3), generally respondent expectations were not 
met (negative gaps in Figure 4-3). This is also evident from the results in Figure 4-2, 
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which shows that although most respondents expected each service to perform at 
least with a score of 4, their perceptions were lower. Tariff affordability is the only 
exception where the expectation of>25% of respondents had a score of ≤3. 
4.4.4. Comparison of WSP performance 
H30=Consumer perception of WSP performance across all WSPs is similar. 
The Kruskal-Wallis test was performed to determine whether the respondents 
perceived WSP performance to be similar. The results (χ2(12)=184.106, p=0.0 for 
water continuity; χ2(12)=95.759, p=0.0 for supply pressure; χ2(12)=166.064, p=0.0 for 
water quality; and χ2(12)=27.487, p=0.0 for tariff affordability) show that there are 
statistically significant differences in consumer perception for all four indicators 
among the different WSPs. Although the test does not reveal any information about 
the degree of difference between the performances of the WSPs, however; the test 
provides mean ranks for each indicator that can be used to compare consumer 
perception of each WSP's performance at an indicator level. This ranking is shown in 
Figure 4-4, where higher mean ranks, shown in darker shading indicates that 
consumers have a better perception of a particular WSP's performance for a given PI. 
 
Figure 4-5. Normalized mean rank based on total score of respondent perceptions 
by WSP. 
CBWS PT1 scored the highest mean rank for perception on water quality, and in the 
opinion of consumers, the quality of water delivered by CBWS PT1 is the best among 
all the WSPs surveyed. The two CBWS institutions use different water sources with 
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different levels of treatment from other WSPs. CBWS PT1 is a community-based 
water supplier that provides groundwater without treatment (so does CBWS PSS), 
while other WSPs use surface water and treat their water before distribution to 
consumers. For tariff affordability, the best score was obtained by CBWS PT1 and 
CBWS PSS. This is to be expected, since CBWS’ water tariff is very affordable by 
government standards (Roekmi, Baskaran & Chua 2018) and relatively low in 
comparison with other public or private WSPs. 
 
Figure 4-6. Percentage of respondents feeling less satisfied (score 1 and 2). 
 
In addition to respondent perception at the individual indicator level, we also 
analysed respondent perceptions of overall performance by summing up the scores 
for the four indicators into one single number describing the overall perception for 
each WSP. The results indicate that WSP overall performance differs significantly 
(χ2(12)=132.070, p=0.0). The mean ranks of overall performance produced from 
Kruskal-Wallis test were then normalized with PDAM TB's mean rank (Figure. 4-5). 
We have adopted PDAM TB's rank as a benchmark since this is the only WSP whose 
performance is rigorously monitored. Thus, rankings higher than PDAM TB indicate 
that the WSP's performance is higher than one that is subject to strict assessments. 
According to consumer perception, the best service performance is provided by PLC, 
which happens to be a developer (industrial estate and new towns). In fact, PLC, PKD, 
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and PCB ranked 1, 3 and 6, respectively, are private developers and operate large 
capacity water treatment plants. They are therefore accustomed to meeting high 
service-quality standards in order to satisfy their consumers (especially industrial 
companies) and are better resourced. On the other hand, it is encouraging to note 
that a CBWS (CBWS PT1) is also highly ranked (ranked 2) by consumers. This shows 
that with proper management, and despite limitations (Roekmi, Baskaran & Chua 
2018), a CBWS can provide high-quality water service to consumers.  
 
(a) Percentage of water quality samples meeting 
government standards 
 
(b) Monthly domestic water consumption rates
 
(c)  Operational hours 
 
(d) Percentage supply pressure meeting 
government standards
Figure 4-7. PDAM TB performance 2011-2015. 
 As described earlier, PDAM TB was rated positively by BPPSPAM for water quality, 
water continuity, and supply pressure. This is inconsistent with our consumer 
perception survey, which rated PDAM TB poorly for these PIs, and this, in turn, 
resulted in a low overall ranking for PDAM TB. The reasons for the low overall 
rankings in general and the low rankings obtained by PDAM TB, PAS, YEN, and PCP, 
in particular, are studied in greater detail. Figure 4-6 shows the percentage of 
respondent perceptions that scored 2 or less. A cell that is totally white means that 
no single respondent provided a score of 2 or less, while darker red colour refers to 
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a greater percentage of respondents who were not satisfied with a particular WSP's 
performance and hence provided scores of 2 or less. It can be seen from Figure 4-6 
that some respondents gave PDAM TB low scores in every PI, with 32.5% of 
respondents feeling disappointed with its water continuity. For the WSP PCP (lowest 
ranked), 65% of respondents were not satisfied with water continuity, 65% were not 
satisfied with the quality, and 40% thought the tariff was too high. This may be a 
result of poor management together with adverse factors such as poorer raw water 
quality and inadequate supply, limited production capacity (10 l/s), and water 
continuity issues (water flows only from 5 am to 9 pm daily). Of special concern is 
consumer dissatisfaction with WSPs PCP, PAS, and BJA where 65%, 60%, and 55%, 
respectively of respondents were dissatisfied with water quality. This raises some 
health concerns and should be reason enough for the MHA to perform water quality 
surveillance in the areas served by these WSPs. 
4.5. Discussion 
4.5.1. Setting relevant targets 
Although BPPSPAM has classified PDAM TB's performance for 2011–2015 as good 
(BPPSPAM 2013, 2016c), in reality, however, Figure 4-7 shows that PDAM TB's 
performance based on the three PIs relating to SDG targets: water quality, water 
continuity, and supply pressure, are not consistently meeting targets. One common 
issue in Indonesian drinking water supply is that most PDAMs do not always deliver 
water at the required quality to consumers (Bakker 2010; BPPSPAM 2016c). In this 
regard, PDAM TB's water quality performances fluctuated between 74% and 95%, 
averaging about 80% (Figure 4-7(a)). This just meets BPPSPAM standards, which is 
80%. Average domestic water consumption was above government expectation 
(10m3 per household per month) but below the minimum value of BPPSPAM's 
standard (30 m3) with amounts decreasing over time (Figure 4-7(b)). Operational 
hours can fulfil BPPSPAM expectation except in 2013 (Figure 4-7(c)), and supply 
pressure in most houses was below standard (Figure 4-7(d)). These aspects are 
reflected in Figure 4-5, where respondents ranked PDAM TB ten out of the thirteen 
WSPs surveyed. Indeed, the results from our surveys show that PDAM TB median 
scores for all PIs are 3, except for water continuity, with a score of 3.5. Nevertheless, 
this shows that the respondents were clearly dissatisfied with PDAM TB, in spite of 
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the good reviews from BPPSPAM. The result of this survey is also consistent with an 
earlier PDAM TB survey (USAID IUWASH 2013). In that survey, 41% of respondents 
were dissatisfied with continuity, while in this survey, it is 32.5%. In addition, 46% of 
respondents complained about water quality in the PDAM TB survey, while it was 
22.5% in this survey. 
Four factors can be generalized with regards to the performance of PDAMs: 
(i)  There is a need for a standalone assessment for PIs that have a direct impact on 
consumers: Currently, BPPSPAM annual evaluation on PDAM performance 
covers the following criteria: finance, service, operational and human resources. 
As is the case with other assessment methods such as the International 
Benchmarking Network/IBNET (Danilenko et al. 2014) and the International 
Water Association/IWA (Alegre & Association 2006), current evaluation methods 
measure macro performance. In BPPSPAM's assessments, water continuity, 
supply pressure, and water quality are included as part of service and operational 
aspects (tariff affordability was assumed to be fulfilled when PDAM proposed 
tariff raise to the government was accepted). Based on these metrics, a PDAM 
can be categorized as good, even if on most occasions the performance based on 
water continuity, water quality, and supply pressure may be poor. So long as it 
maintains good performance in other criteria such as finance and human 
resources, the government might not require the PDAM to improve its 
performances in PIs that are important to consumers. To ensure that PDAMs 
perform at the required service level, there should be a standalone assessment 
(in addition to BPPSPAM's annual evaluation) focusing on indicators that are 
relevant to consumers (Thomson & Koehler 2016), including water continuity, 
supply pressure, and water quality. This assessment should place potable water 
as its focus so that the required service level is achieved. However, in a city like 
Cikarang where several WSPs provide water service and PDAM TB is not the only 
WSP required to fulfil the SDG drinking water target, this assessment should 
apply to all WSPs. Furthermore, while BPPSPAM acts as a government institution 
to assess all PDAMs in Indonesia, there should be a government or independent 
entity at the municipal level to conduct WSP assessments.   
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(ii)  Current BPPSPAM's standard of assessment is low: BPPSPAM's current standard 
assessment on water continuity, supply pressure and water quality is lower than 
that required of water suppliers in developed countries. BPPSPAM's 
measurement with the balanced scorecard approach (BPPSPAM 2013) might be 
the reason for lower standards. For example, water quality criterion is given a 
score of 1 if the percentage of water samples that meets government standards 
is less than 20%, 2 if it lies between 20% and 40%, 3 if it lies between 40% and 
60%, 4 if it lies between 60% and 80% and 5 if it is more than 80%. With this 
approach, a PDAM that performs at the 99% level will get the same score with 
those that perform at 80%. This approach does not provide sufficient incentive 
for PDAMs to reach the highest standard of each PI, and PDAMs are satisfied by 
reaching 80%. This approach is very different from that taken in developed 
countries, accustomed to high quality potable water. In Australia for example, at 
least 95% (NHMRC 2011) compliance is required for non-microbial contaminants, 
while the rate is 98% for microbial contaminants. Samples have to be taken 
weekly, while in Indonesia it is monthly. In addition to water quality, supply 
pressure should also be receiving attention. The Indonesian government 
mandates PDAMs to supply water at a minimum pressure of 0.7 bars, which is 
lower than standards in western countries. Australia requires a minimum 
standard of 1.5 bars (Water Corporation 2014). While it may not be entirely 
feasible to expect PDAMs to match up to western standards, the fact is PDAMs 
are currently unable to meet local requirements, in spite of the lower standards. 
With the current BPPSPAM assessment method, potable water as the highest 
SDG drinking water target would be hard to achieve. 
(iii) Consumer's distrust of PDAM performance: While monitoring drinking water 
quality is important, UN Water (GLAAS 2015) showed that water quality 
monitoring frequency in Indonesia is still below standards. This is true for 
Cikarang, where performance monitoring is not strictly followed by WSPs, and 
water quality surveillance by MHA is conducted infrequently and with very 
limited samples taken. Ironically, with current PDAMs performance, even if 
water is delivered in drinking quality, consumers' perceptions are low. Since 
2004, three PDAMs have provided drinking water through the Zona Air Minum 
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Prima (ZAMP) program which was funded by USAID (DAI 2005; USAID). It was 
found that even when water was delivered in potable quality, some consumers 
were reluctant to consume water from the tap (DAI 2005; Hadipuro 2010; 
Natalia, Mardiyono & Said 2014; Ramadhiani 2014). This indicates how the lack 
of confidence (that is rooted in poor water quality standards) in water companies 
can influence consumer perception negatively. Other studies (de França Doria 
2010; Jorgensen, Graymore & O'Toole 2009; Turgeon et al. 2004) also show that 
trust in water suppliers can affect consumer perception. The results for Cikarang 
support the need for developing trust; the lack of confidence in water quality 
delivered by PDAMs have driven consumers to drink their water only if it is boiled 
or treated by some other means. In our survey, we found that 57% respondents 
would not drink the water supplied by WSPs even if the water was delivered in 
potable quality and 36% of respondents attributed this to distrust as the main 
reason. Even though studies (Sodha et al. 2011; WHO 2015) have shown that 
boiling water can inactivate pathogens, improper storage can cause 
recontamination. Similarly, without proper monitoring and controls, 
contaminated bottled or refilled water can also spread water-borne diseases 
(Roekmi 2017). Therefore, surveillance on each type of drinking water sources 
should be conducted properly to maintain good water quality standards and to 
build trust towards WSPs. 
(iv) Consumers spend a significant amount on bottled/refilled water: Apparently, 
PDAMs low performances are shifting household's water consumption patterns 
affecting individual household's water spending. As mentioned previously, most 
respondents spent more than 3% of their household income on water monthly, 
which according to UNDP (UNDP 2006), is unaffordable. One significant factor 
that made tariffs higher is the additional expenses that go into purchasing 
bottled and refilled water. In our survey, we found that about 93% of 
respondents use bottled/refilled water for drinking, in addition to piped water. 
Respondents paid an extra IDR 129,200 (USD 9.9) buying bottled/refilled water, 
compared to IDR 131,300 (USD 10.1) for piped water supply, per month. Thus, 
about half of each household's total water expenses goes towards 
bottled/refilled water. The preference to consume bottled/refilled water is 
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consistent with a study in Jakarta (Walter, Kooy & Prabaharyaka 2017b) where 
bottled/refilled water was chosen on the assumption that it is safe and 
affordable. The extra amount spent can be seen to represent the respondent's 
willingness to pay for potable water.  
The above discussion is symptomatic of the water supply challenges in Cikarang, 
which has evolved over time. Generally, water supplied by PDAMs in a non-potable 
state is common in Indonesia. Consumers have come to accept this practice and are 
accustomed to boiling piped water or buying bottled water for drinking (Bakker 2010; 
Walter, Kooy & Prabaharyaka 2017b). This is generally true for all WSPs as none of 
the respondents in our surveys drink water straight from the tap, citing safety 
concerns. 
Indeed, from our interviews, some WSPs even confirm that their water is non-
potable. Hence, although WSPs supply water piped to premises, which are able to 
meet basic performance standards (WHO & UNICEF 2017b), the water can only be 
used for purposes other than consumption; residents have to incur further expense 
to purchase bottled/ refilled water or resort to boiling, for consumption. 
4.5.2. Large vs small WSPs 
Given that consumers have generally come to expect that water supplied by any of 
the WSPs will not likely to be in a potable condition, it can be conjectured that other 
factors (other than the provision of potable water) are paramount in influencing 
consumers' perception on WSP performance. As the best performing WSPs (Figure 4-
5), PLC and PKD along with PCB (ranked sixth), are able to charge their industrial 
clients higher rates, which in turn allows them to subsidize rates for domestic 
consumers. These WSPs are well placed to maintain water supplies at the required 
pressure and at competitive rates, albeit in less than potable form. Other WSPs, on 
the other hand, do not have the advantage of economies of scale, operate smaller 
plants and are less efficient. Even for PDAM TB, which has a large number of 
consumers, its water supply is segregated into several geographical areas. This leads 
to duplication resulting in inefficiency. Study (Haider, Sadiq & Tesfamariam 2013) has 
shown that small and medium WSPs are unable to meet the primary demands the 
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same way large WSPs did, which is in this research it is true in term of water 
continuity, supply pressure, water quality, and tariff affordability indicators. 
Notwithstanding the challenges faced by small WSPs in meeting consumer needs, 
CBWS PT1 is an example of a small, community-based WSP that has received good 
reviews based on consumer perception (Figure 4-5). CBWS institutions are run by 
groups of local community leaders who manage the system, and we attribute the 
success of CBWS PT1 to the committee's effort in managing the system well. First, its 
water quality, even though still not meeting drinking water standards, is better than 
other CBWS institutions in Cikarang (Roekmi, Baskaran & Chua 2018). Second, when 
a report of a problem in the distribution system is made, the committee will react 
immediately to resolve the problem. 
Finally, the committee is keen to expand its piped water services to larger areas of 
the community that are still not being served piped water. These factors show how a 
small-scale WSP can perform well with good management and attention to consumer 
needs despite obvious limitations, and serve as encouragement to other small-scale 
providers. 
4.6. Conclusion 
The results of our consumer perception analysis show that respondent perceptions 
of the four indicators of water continuity, supply pressure, water quality, and tariff 
affordability vary significantly. Most respondents tend to place water continuity as 
the most important indicator, and most expected water to be available 24 h each day. 
Apparently, this is also the only indicator that can be fulfilled extensively by WSPs, as 
54% of respondents said the WSPs were able to meet their water continuity 
expectations. We also found a significant difference between respondent 
expectations and perceptions. In general, WSP performances did not meet 
respondent expectations across all indicators. 
Results from a Kruskal-Wallis test showed significant differences between 
respondent perceptions of performance across different WSPs. The total score of 
respondent perceptions ranked PDAM TB, a government- managed WSP, poorly with 
three other WSPs ranked lower. The high distribution of low scores (either 1 or 2) by 
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respondents showed dissatisfaction with WSP performance. Importantly, three WSPs 
performed poorly in terms of water quality, raising concerns about public health. 
A comparison between PDAM TB's performance indicators and consumer perception 
shows that even though PDAM TB is classified overall as “good”, its performance 
based on SDG targets of water continuity, supply pressure, and water quality were 
modest at best and mostly underperforming. On the basis of this result, we suggest 
that municipal governments create separate assessments for WSPs (such as PDAM 
TB) that are based on criteria such as water continuity, supply pressure, and water 
quality, while at the same time applying a higher standard.  
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Abstract 
Community-based water supply (CBWS) is an example of how a community manages 
common pool resources (CPR). This results in an alternative approach to solve water 
supply problems in developing countries by enhancing community participation in 
managing water supply. This research evaluates the sustainability of five CBWS 
projects in Cikarang, Indonesia by using Ostrom’s design principles, with additional 
sustainability factors found in the Sustainable Development Goals (SDGs) on drinking 
water and groundwater sustainability. Quinn et al. (2007) criteria were used in the 
analysis, and the results show that the management of four CBWS institutions were 
absent and one CBWS institution was weak. With regards to the SDG drinking water 
target, the CBWS institutions were unable to comply with safe water standards, and 
in terms of groundwater sustainability, efforts to monitor and sustain groundwater 
tables were absent. Results from this research suggest that more focus must be 
placed on water quality and groundwater sustainability for CBWS projects. 
Keywords  
Community-based water supply; common pool resources; developing country; 
Cikarang; Indonesia. 
5.1. Introduction 
Groundwater withdrawal plays an important role in water supply. In 2010, the 
world’s groundwater withdrawal reached 982 km3 per year, supplying 26% of water 
needs for agricultural, domestic, and industrial usage (Margat & Van der Gun 2013). 
In cities where piped water supply is limited, access to groundwater is the most 
common method to improve water availability for the population. For example, in 
Indonesia, 93% of groundwater withdrawal is supplied for domestic use (Margat & 
Van der Gun 2013), and it is common for households to pump groundwater without 
a permit. This is because the right to access groundwater for daily needs is protected 
by the Indonesian Constitution and strengthened by laws as the first priority of water 
allocation (PP 121/2015 on use and allocation of water resources). 
In terms of sustainability, unregulated groundwater pumping, similar to any 
unregulated harvesting of natural resources, such as pastoral, irrigation, forestry, and 
fisheries resources, could lead to the “tragedy of the commons” (Hardin 1968). In this 
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case, many users can access the same resources without the ability to exclude others. 
This results in rivalry. Such a practice, if allowed to continue, could lead to the 
degradation of resources. In the case of groundwater over-pumping, it could lead to 
diminished groundwater tables, higher pumping costs, land subsidence, water quality 
concerns and in coastal areas, seawater intrusion (Braadbaart & Braadbaart 1997; 
Gleeson et al. 2010; Margat & Van der Gun 2013). 
Some scholars disagree with the views of Hardin (1968) that the only way to manage 
the commons is through the implementation of property rights and management by 
government or private institutions. According to Agrawal (2003), three of the most 
thorough studies on this issue have been by Ostrom (1990), Wade (1994), and Baland 
and Platteau (1996). These authors have argued that the sustainable consumption of 
Common Pool Resources (CPR) can be achieved by more effective institution 
management, consisting of a group of CPR’s users, abiding by common ownership 
and rules. Among the three studies, Ostrom’s work is the most notable, winning the 
Nobel Prize for Economics in 2009. Accordingly, this research will focus on her work 
of the design principles for sustainable CPR institutions (Ostrom 1990). 
Ostrom (1990) proposed that eight design principles should exist to ensure the 
sustainability of a CPR institution: (1) clearly defined boundaries; (2) congruence 
between appropriation and provision rules and local conditions; (3) collective-choice 
arrangements; (4) monitoring; (5) graduated sanctions; (6) conflict-resolution 
mechanisms; (7) minimal recognition of right to organize; and (8) nested enterprise 
(for CPR that belong to a larger system). Since these principles are applicable to CPR 
institutions across fields as diverse as pastoral, forestry, and fishery, the design 
principles have been reviewed by scholars with specific applications in mind. Some 
scholars criticized the principles themselves (Ostrom 2008b), while others suggested 
modifications to the proposed design principles. Quinn et al. (2007) identified the 
difficulty of setting boundaries in pastoral applications, as suggested by the first 
principle. Based on experiences in forestry, pastoral, irrigation, and fishery, Cox, 
Arnold and Tomás (2010) suggested that for principles 1, 2, and 4, each should be 
split into two sub principles. Principle 1 should delineate between user and resource 
boundaries, principle 2 should separate rules that manage resource allocation and 
those that ensure proportionality between cost and benefit, and principle 4 should 
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distinguish between the availability and accountability of resource monitoring. 
Agrawal (2003) indicated that the design principles should include external factors 
such as markets, technology, states, and population pressures. However, these 
criticisms have been addressed by (Ostrom 2008b), who understood that her design 
principles were not a ‘one fits all’ tool. She concluded that the principles’ 
characteristics could be flexible depending on the condition of the CPR institution. 
Other scholars (Gutiérrez, Hilborn & Defeo 2011; Kobayashi et al. 2014; Pretty 2003) 
have also observed that the success of CPR institutions can be attributed to the social 
capital in the community managing the CPR. However, it is clear that important 
elements, such as common rules, norms, and sanctions, which should exist for strong 
social capital (Pretty 2003), are already internalized in Ostrom’s design principles. 
With the flexibility of Ostrom’s (1990) design principles, it is important to ensure that 
the factors determining the sustainability of CPR institutions be correctly defined in 
order for appropriate assessments to be made. The concern is based on the fact that 
since the release of the Environment and Development Report in 1987 by the World 
Commission on Environment and Development (Brundtland 1987), budget 
allocations for community participation projects increased (Ostrom 2008a) by up to 
600% between 1996 and 2003 (Mansuri & Rao 2004). Despite this increase in funding, 
many projects were not successful, some due to technical reasons and/or ignorance 
of local issues (Mansuri & Rao 2004; Starkl et al. 2003). Therefore, we need to define 
the correct framework to assess the sustainability of CPR institutions. 
In water management, community-based water supply (CBWS) projects, as an 
example of a CPR institution, were developed over the past two decades as a solution 
for developing countries’ water problems (Starkl et al. 2003). These community 
participation projects were seen as a good alternative in rural or peri-urban areas 
(Bakker 2010; Isham & Kähkönen 1999; Padawangi 2010), as it was challenging for 
public water supplies to expand services while facing massive urbanisation, high 
population growth, and water quality degradation (Ujang & Buckley 2002). 
Ostrom’s design principles are well-suited for the water management sector, are 
relevant to current conditions, and are used as a tool to verify the sustainability of 
CBWS as shown in Leonard, Walton and Farbotko (2015), Cox, Arnold and Tomás 
89 
 
(2010), Sarker, Baldwin and Ross (2009), and Quinn et al. (2007). All of these studies 
utilized the eight design principles, albeit with some modifications. 
Our study focuses on CBWS projects in peri-urban Cikarang, Indonesia, where 
groundwater is a vital resource. In this region, the main concerns are the issues of the 
physical environment of the CPR as discussed in Agrawal (2003), and on the access to 
safe water as a human right (UN 2014a). When a CBWS project works well, it benefits 
the community. However, when it fails, the effects are detrimental since the targeted 
community’s water use problems are not addressed. Some who have access to 
shallow groundwater might privately pump groundwater, which could lead to the 
tragedy of the commons and spark environmental issues. Others who do not have 
better alternatives might source water from polluted sources, raising health 
concerns. Given that in 2015, 663 million people (UNICEF & WHO 2015) were without 
proper access to safe water sources, this is indeed a significant issue. These 
communities need to be prioritized in the drinking water target of the Sustainable 
Development Goals (SDGs), which is to achieve universal and equitable access to safe 
and affordable drinking water for all by 2030 (UN 2015b). Therefore, a framework is 
needed to evaluate the sustainability of CBWS institutions that use groundwater as a 
water source. It should include an evaluation on the sustainability of CBWS 
institutions using Ostrom’s design principles, the effort to sustainably use 
groundwater, and the ability to deliver safe and affordable water as expected by the 
SDG target. This framework will be beneficial for CBWS projects developed in 
locations where the problems of the tragedy of the commons and limited access to 
safe and affordable water occur simultaneously. It can be argued that our case study 
is fairly typical in many developing countries, and therefore will have a wide scope of 
application.  
5.2. CBWS sustainability and Ostrom’s institutional design principles 
We use Ostrom’s design principles (Ostrom 1990) as a framework to evaluate the 
sustainability of CBWS institutions. Since our study is primarily focused on 
groundwater, we emphasize the application of the design principles in the context of 
groundwater as a CPR. Consequently, the variables of groundwater sustainability and 
the SDG drinking water target are evaluated as part of Ostrom’s design principles. 
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5.2.1. Clearly defined boundaries 
Ostrom emphasized that “Individuals or households who have rights to withdraw 
resource units from the CPR must be clearly defined, as must the boundaries of the 
CPR itself” (Ostrom 1990, p. 90). This is a key principle that ensures that there is no 
conflict between neighbouring CPR institutions managing the same resources. Cox, 
Arnold and Tomás (2010) further proposed the need to separate this principle into 
two sub principles: boundaries of the CPR and boundaries of the users. However, as 
evident in groundwater management (Sarker, Baldwin & Ross 2009), it is difficult to 
define the boundaries of the groundwater system, since the limits of groundwater 
sources are often difficult to accurately define. Indeed, research conducted by 
Niamir-Fuller (1998) in Sahelian Africa pastorals (also cited in Cox, Arnold and Tomás 
(2010)) showed that the boundaries of successful CPR systems do not always need to 
be defined. Therefore, since the boundary of groundwater cannot be easily defined, 
the first principle will only consider the boundaries of the users.  
5.2.2. Congruence between appropriation and provision of rules and local 
conditions 
This principle refers to the “Appropriation rules restricting time, place, technology, 
and/or quantity of resource units are related to local conditions and to provision rules 
requiring labour, material, and/or money” (Ostrom 1990, p. 90). It describes the CPR 
institutions’ need for the provision of rules that are congruent and address local 
conditions and values. Ostrom (2008a) also referred to this principle as proportional 
equivalence between benefits and costs, focusing on the need to maintain labour, 
material, and monetary inputs. In addition to the rules to maintain the robustness of 
the CPR institution, for CBWS institutions, this is also the principle that considers the 
SDG drinking water target. The World Health Organization (WHO 2011a) provides 
standards for drinking water quality, which ultimately act as a reference for most 
countries when developing their own standards. These standards should be followed 
by water suppliers to ensure safe water delivery. In addition to safe drinking water, 
another concern of the SDG is tariff affordability. To some extent, tariff affordability 
is reflected by the user’s ability to pay for water consumption, which is measured by 
a certain percentage of a household’s income. The United Nations Development 
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Programme (UNDP 2006) states a standard of water affordability for all, by capping 
household expenses for water use to a maximum of 3% of the total family income. In 
practice, the maximum standard is between 2 and 4% (Smets 2017). To support the 
SDG drinking water target, the CBWS should also follow local tariff affordability 
standard.  
5.2.3. Collective-choice arrangements 
The third principle relates to the existence of users’ involvement in adapting rules 
during the operation of the system. As stated by Ostrom (1990, p. 90) “Most 
individuals affected by the operational rules can participate in modifying the 
operational rules”. This principle ensures that the rules, which might be made in the 
establishment of the CPR institution, are suitable under existing conditions. User 
involvement may vary depending on the condition of the institutions and local values. 
In practical situations, users’ involvement in designing or modifying rules have been 
welcomed (van Ast, Widaryati & Bal 2014) but in other cases, the role of leaders has 
tended to dominate (Quinn et al. 2007). It is clear that there is a need to ensure user 
participation when updating rules, whether the involvement is high or low. 
5.2.4. Monitoring 
Ostrom proposed that CPR institutions’ monitoring should include monitoring user 
behaviour and a review to audit the condition of the CPRs. This is because “Monitors, 
who actively audit CPR conditions and appropriator behaviour, are accountable to 
the appropriators or are the appropriators” (Ostrom 1990, p. 90). Both forms of 
monitoring should exist to sustain the CBWS institutions, either conducted by the 
users or other parties. For the case of groundwater resources, Margat and Van der 
Gun (2013) describe four elements of resource management that should be 
considered, the availability of sufficient and reliable area-specific information, the 
objectives of groundwater resources management, the right instruments to manage 
groundwater sustainability, and the effort to implement planning and decision-
making processes. Due to the complexity of the works, most elements should be 
conducted by government institutions. However, experience across the world shows 
that groundwater management benefits from community involvement. Groundwater 
monitoring by communities in Lockyer Valley, Australia (Sarker, Baldwin & Ross 
2009), in Neemkheda, India (Kulkarni et al. 2004), and in Texas, United States 
92 
 
(Gleeson et al. 2010) are all examples of how effective this approach can be. In India, 
community involvement was considered to be the immediate solution to India’s 
groundwater problems (Kulkarni et al. 2004). Community involvement includes 
activities such as the monitoring of groundwater table and planning water allocation 
(Gleeson et al. 2012; Gleeson et al. 2010). In Neemkheda, India (Kulkarni et al. 2004), 
some farmers were willing to learn from scientists and conduct groundwater 
monitoring of shallow aquifer and planning water pumping based on the condition of 
the groundwater. Other community involvement is managing aquifer recharge by 
constructing rainwater harvesting systems or infiltration ponds (Dillon 2005).  
5.2.5. Graduated sanctions 
The graduated sanction principle was designed to prevent users from breaking 
regulations. According to this principle, “Appropriators who violate operational rules 
are likely to be assessed graduated sanctions (depending on the seriousness and 
context of the offense) by other appropriators, by officials accountable to these 
appropriators, or by both” (Ostrom 1990, p. 90). Sanctions can be meted in 
proportionality to the level of offence (Cox, Arnold & Tomás 2010). According to case 
studies, the actual sanctions applied varied (Ostrom 1990), ranging from a warning 
to an exclusion from consuming resources. In this research, we identified the 
availability of sanctions and how well the sanctions were implemented. 
5.2.6. Conflict-resolution mechanisms 
These mechanisms are either formal or informal institutions that allow users to 
resolve disputes within the organization. They allow “Appropriators and their officials 
(to) have rapid access to low-cost local arenas to resolve conflicts among 
appropriators or between appropriators and officials” (Ostrom 1990, p. 90). Such 
mechanisms may include moderation by group leaders, appeals to a courts system, 
or arbitration at group meetings. Without such tools, organizations can quickly 
become ineffective due to infighting. Examples from Northern New Mexico and 
Orissa, India showed that these mechanisms are needed to ensure the success of the 
institutions (Cox, Arnold & Tomás 2010). The goal for this study is to identify if such 
a mechanism exists in the CBWS institutions.  
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5.2.7. Minimal recognition of right to organize 
The next primary principle for a long enduring CPR institution is the right to organize. 
This principle requires that the institutions manage themselves and that “The rights 
of appropriators to devise their own institutions are not challenged by external 
government authorities” (Ostrom 1990, p. 90). This authority will result in institutions 
that are better able to conduct sustainable consumption of resources in the long term 
without refusal from government institutions, as applies in communities managing 
water supply (Adams & Zulu 2015; Sarker, Baldwin & Ross 2009). In this research, we 
identify whether this right exists in the CBWS institutions. 
5.2.8. Nested enterprise (for CPRs that belong to a larger system) 
The last principle should be applied to CPR institutions that belong to a larger system, 
as it entails the “Appropriation, provision, monitoring, enforcement, conflict 
resolution, and governance activities are organized in multiple layers of nested 
enterprises” (Ostrom 1990, p. 90). It is a mechanism through which resource 
management is organized in multiple layers of management. In a water resource 
application, such as irrigation and water supply, the institutions commonly use 
resources from a larger system. Hence, the management of water resources needs 
to be coordinated with the higher level institutions (Sarker, Baldwin & Ross 2009). 
The mechanism is identified in this research to ensure the existence of the principle 
to maintain the sustainability of groundwater resources.  
5.3. Methods 
5.3.1. Study area 
In Indonesia, CBWS projects have been promoted by the national government since 
early 2000. These projects enhance access to improved water sources (Ministry of 
Public Works of Indonesia 2011), support the achievement of the drinking water 
target of the Millennium Development Goals (MDGs), and enable the 
accomplishment of the first target of Goal 6 of the SDGs, which is to provide universal 
and equitable access to safe and affordable drinking water for all by 2030 (UN 2015b). 
The CBWS projects appear in many national and local government programmes to 
provide water supply to communities. PAMSIMAS, a community-based water and 
sanitation service programme, is the most common. A large number of projects from 
this programme are jointly funded with loans from international donors as well as 
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national and local government funding — and sometimes include funds from 
communities. The projects are often focused on rural areas or urban slums, with the 
aim to build water supplies that use groundwater, and can include sanitation 
facilities. After the development of the CBWS institutions, some villagers will be 
appointed to operate the CBWS institutions. 
As with any other community-driven projects, CBWS projects experience both 
successes and failures. A 2014 government report (CPMU Pamsimas 2014) showed 
that almost 30% of the projects (from among 1,990 villages) did not work as expected. 
They were either partly functioning (23%) or not working at all (7%). While numerous 
factors were responsible for project failures, an evaluation of CBWS projects in 
Central Java (Isham & Kähkönen 1999) showed that the problems occurred in either 
the planning or operational stages. In the operational stage, most of the issues were 
due to the inability of the committees to effectively manage institutions and control 
service performance. 
 
Figure 5-1. Water tank in Pasirsari, Cikarang. 
 
During 2011–2013, the Ministry of Health established a community water supply and 
sanitation project (Egis International 2011) as part of a larger programme to improve 
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the condition of Citarum River, known as the Integrated Citarum Water Resources 
Management and Investment Programme (ICWRMIP). The project aimed to improve 
community water access by changing from the previous practice of fetching water 
directly from the West Tarum Canal to connecting the water supply to homes by 
building 11 CBWS systems for eight desa (villages) on the canal’s riverbank in the 
Cikarang area. The CBWS systems worked by pumping groundwater 80–100 m below 
the surface, from a cross border aquifer, the Karawang–Bekasi aquifer, which is 
managed by the Energy and Mineral Resources Agency (EMRA) of the West Java 
provincial government. The water was collected in a 32 m3 water tank tower (Figure 
5-1) and distributed by gravity without treatment to homes via a pipe distribution 
system. A CBWS system costing more than IDR 300 million (more than USD 23,000) 
per unit was jointly funded. Eighty per cent of the funding came from national 
government and Asian Development Bank (ADB) loans, and the rest from community 
participation in the form of cash and in-kind (e.g. providing labour during the 
construction phase). The development of the system was assisted and monitored by 
the Municipal Health Agency (MHA), which together with appointed consultants and 
village officers, published public announcements, assisted communities in planning 
their contribution, and determined the location of the system. The area where the 
CBWS systems were located was not serviced by the local government-owned water 
supply corporation (PDAM/Perusahaan Daerah Air Minum), except in Pasirsari. 
Before the existence of the CBWS, families living near the canal usually fetched water 
from the canal for washing and bathing. Other households relied on individual 
groundwater pumping from an unconfined aquifer. The aquifer yield was seasonal 
and limited in some places due to the geological characteristics of the area, which 
included less permeable material (Dirks, Rismianto & De Wit 1989; Naryanto 2011). 
Thus, prior to the implementation of CBWS institutions, two problems existed. First, 
fetching water from a river could place a burden on community health. Second, as 
groundwater supply in unconfined aquifers was limited in a number of places, it 
sparked the tragedy of the commons, because every household located close to the 
aquifer drew water from wells with electric pumps. Therefore, the existence of CBWS 
institutions could help address problems related to the tragedy of the commons, and 
at the same time shift households from using unclean water. However, without 
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sustainable consumption, CBWS groundwater extraction could also lead to another 
tragedy of the commons, or one between CBWS systems and other companies that 
withdraw groundwater from the same aquifer. This concern arose due to the fact that 
groundwater consumption in the Karawang–Bekasi aquifer had caused an existing 
contaminated zone to be expanded (ESDM JABAR 2012) and land subsidence 
(Chaussard et al. 2013). 
5.3.2. Institutional arrangement 
During the preparation of the systems, the MHA, together with the village leaders, 
appointed personnel, usually village officials, to form a committee to manage its 
corresponding CBWS institution. The committee plays the role of regulator of the 
CBWS institution, and consists of at least three members: a leader, a technician, and 
a treasurer. Their main task is to manage the operation and maintenance of the 
systems. The committee is also responsible for determining water tariffs and for 
managing finances, such as collecting consumption fees from users (households that 
consume water from the CBWS distribution system) and distributing funds for 
operational use, including the committee’s monthly salary. Even though the 
committee is appointed by the MHA and village leaders, there is no obligation for the 
committee to provide a formal report to the village or the municipal government. 
However, since most committee members are village officials, informal 
communication with village leaders and MHA officers is often maintained. Even 
though CBWS institutions may be built under a single programme, management is 
left to the individual committee. Therefore, water tariffs and salary rates for the 
committee can differ between CBWS institutions. Three CBWS institutions pay their 
committees with a fixed monthly wage (ranging from USD 23–USD 38 per person per 
month), one CBWS institution pays its committee at a rate of 23 cents per user, while 
another CBWS institution distributes 30% of its monthly income to the committee.  
5.3.3. Data collection 
Purposive sampling was used in which CBWS institutions built under ICWRMIP were 
targeted. Information about the CBWS institutions was gathered from key informant 
interviews. This method was chosen because the committee leader, as the key 
informant, had all the information for the CBWS institutions since their 
establishment. Under the ICWRMIP, seven CBWS institutions were built in four 
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villages in 2011 and 2012, and four CBWS institutions were built in another four 
villages in 2013. One CBWS institution was sampled from each of the four villages in 
the first batch, resulting in four CBWS samples. Later, an additional CBWS institution 
was included, resulting in a total of five CBWS institutions sampled: CBWS Cibatu, 
CBWS Jayamukti, CBWS Pasirtanjung 1, CBWS Pasirtanjung 2, and CBWS Pasirsari. The 
location of each CBWS is shown in Figure 5-2. In addition, interviews with local 
government officers, two from the MHA and one from the Water Resources Agency, 
were also conducted to obtain information on ICWRMIP projects. The CBWS 
institutions were chosen based on the leader’s response and availability for 
interview. Assistance was obtained from an MHA official who had been assisting the 
development of CBWS institutions. In-depth interviews were conducted from 22 
October 2015 to 6 November 2015.  
 
Figure 5-2. Location of sampled CBWS institutions. 
 
Information about water quality was obtained by taking one sample from a point in 
the distribution system in each CBWS, as required by the Permenkes 736/2010 
(regulations for supply for less than 5,000 people). The regulation also mandates 
samples to be taken every month for an institution’s performance assessment. 
However, in this research, water quality sampling is only needed to obtain 
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information on water quality. Therefore, samples were only collected on two 
occasions: 11 November 2015 (the dry season) and 1 February 2016 (the rainy 
season). The samples were taken to a local government laboratory for analysis and 
the results were compared against government drinking water standards. 
5.3.4. Analysis 
This study adopted an evidence-based qualitative analysis as described in Salkind 
(2010). In her work, (Ostrom 1990) used empirical evidence from each case to 
determine the strength of each principle and the robustness of the institutions. Other 
studies (Cox, Arnold & Tomás 2010; Quinn et al. 2007) used empirical evidence to 
determine the strength of each principle and used categorization to determine the 
robustness of the institutions. In this research, empirical evidence based on 
interviews with committee leaders will first be used to determine the strength of 
Ostrom’s design principles. To begin, we evaluate the strength of each principle in a 
CBWS institution, and classify it as either strong, weak, or absent, based on the 
strength of the principle. We use Quinn et al. (2007) formula to determine the 
strength of CBWS institutions. According to Quinn et al. (2007), the management of 
CBWS institutions is categorized as strong only if all principles are strong, weak if up 
to three principles are weak or absent (the rest being strong), or absent if neither of 
these two conditions are met. 
Table 5-1. The strength of design principles for each CBWS institution. 
 Design Principles Cibatu 
Jaya 
mukti 
Pasir 
tanjung 1 
Pasir 
tanjung 2 
Pasirsari 
1 Clearly defined boundaries Strong Strong Strong Strong Strong 
2 Congruence between 
appropriation and provision rules 
and local conditions 
Weak Absent Weak Weak Weak 
3 Collective-choice arrangements Strong Strong Strong Strong Strong 
4 Monitoring Weak Weak Weak Weak Weak 
5 Graduated sanctions Weak Weak Weak Strong Weak 
6 Conflict-resolution mechanisms Strong Strong Strong Strong Strong 
7 Minimal recognition of right to 
organize 
Strong Strong Strong Strong Strong 
8 Nested enterprise Absent Absent Absent Absent Absent 
 Overall Absent Absent Absent Weak Absent 
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5.4. Results and discussion 
The strength of the design principles for each CBWS institution is shown in Table 5-1. 
The management of four out of the five CBWS institutions is categorized as absent, 
except for CBWS Pasirtanjung 2. The similarity in results reveals the homogeneity of 
CBWS management, despite individual committees having the autonomy to manage 
their corresponding CBWS institution. This is possible since the CBWS institutions 
were developed as part of the same project and according to the proximity between 
each of the CBWS institutions. Community-based water supply (CBWS) Pasirtanjung 
2 is categorized in weak condition because it was weak in two principles and absent 
in one. All other CBWS institutions are categorized as having absent management 
because they possessed three weak principles with one absent, with the exception of 
CBWS Jayamukti, which had 2 weak principles and two absent.  
Table 5-2. CBWS coverage, number of connections, and water consumption 2015. 
CBWS Coverage Location 
Number of 
household 
connection  
Average 
monthly 
consumption 
per CBWS 
 (m3) 
Average 
monthly 
consumption 
per household 
(m3) 
Cibatu 2 RT Desa Cibatu 
Kecamatan Cikarang Selatan 
301 6,024 21.18 
Jayamukti 1 RT Desa Jayamukti 
Kecamatan Cikarang Pusat 
138 2,735 19.82 
Pasirtanjung 1 2 RT Desa Pasirtanjung 
Kecamatan Cikarang Pusat 
222 3,639 12.19 
1 RT Desa Pasirranji  
Kecamatan Cikarang Pusat 
96 
Pasirtanjung 2 4 RT Desa Pasirtanjung 
Kecamatan Cikarang Pusat 
310 7,736 25.38 
Pasirsari 2 RT Desa Pasirsari 
Kecamatan Cikarang Selatan 
55 1,469 26.81 
TOTAL   1,122   
AVERAGE    4,320 21 
Source: CBWS committees and authors elaborations. 
The results in Table 5-1 suggest a low level of sustainable CBWS institutions. All these 
institutions are able to meet water demand; however, there are concerns with being 
able to meet the SDG drinking water target and groundwater sustainability, which is 
the focus of this research. Evidently, the performance of all CBWS institutions in the 
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water quality sub principle is weak, especially that of CBWS Jayamukti. This does not 
support their function as water supply providers tasked with the distribution of safe 
water to users. Another concern is the absence of monitoring of CPR conditions and 
nested enterprise that could threaten groundwater sustainability. Therefore, under 
current management, the CBWS institutions cannot sustainably support their water 
supply system in order to meet the SDGs. 
This study shows that Ostrom’s conventional design principles may wrongly result in 
a strong CPR institution when used to evaluate a CBWS project, if SDG water targets 
and groundwater sustainability requirements are not considered. This indicates that 
these two variables are important considerations in ensuring the sustainability of the 
institutions and groundwater resources. 
5.4.1. Clearly defined boundaries 
Among CBWS institutions, user boundaries were clearly defined. Since the 
establishment of the CBWS, the institutions had clearly defined all boundaries based 
on rukun tetangga (RT)/ neighbourhood groups as the smallest residential cluster 
(Table 5-2). After the operation of the water supply systems, some CBWS institutions 
expanded their coverage. The expansion meant that CBWS Pasirtanjung 1 and 
Pasirtanjung 2 supplied the same RT; however, there was no overlap between their 
coverages. Community-based water supply (CBWS) Pasirtanjung 1 also expanded its 
coverage to another desa in the same kecamatan (sub district), which was 
geographically separated by a toll road by an underground piping system beneath the 
road. In 2015, the number of users of each CBWS varied between 55 and 318 
households (Table 5-2). The user’s arrangement showed that the existence of the first 
principle is strong for all CBWS. 
 
5.4.2. Congruence between appropriation and provision rules and local conditions 
Before discussing the ability of CBWS institutions to provide water supply according 
to the SDG drinking water target, there is an issue regarding the arrangement of 
labour and materials as part of this principle (Ostrom 2008a). All CBWS committees 
experienced issues in system maintenance, such as leaking pipes and broken pumps. 
Some of these problems have been occurring since the establishment of the system, 
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for example, pipes may have been leaking due to poor workmanship and problems 
with broken pumps occurring because of a lack of maintenance. For simple problems, 
the committees could hire local labour, but for more complex problems they lacked 
sufficient funds to engage specialists to maintain the system. Therefore, the 
committees raised concerns about a lack of training, as expressed by a CBWS Cibatu 
leader during an interview (CBWS Cibatu, 23 October 2015). Apparently, these 
problems are not new, and could have been anticipated beforehand. The World Bank 
report (Isham & Kähkönen 1999) identified problems in the construction, operation, 
and management of CBWS in Central Java, Indonesia. The report proposed some 
policies for improvement that could be used for future projects, claiming “project 
funders and staff need to place a high priority on the training and monitoring of water 
committees”. Similar issues have also occurred in other countries, including Bolivia 
(Newman et al. 2002), as well as sub-Sahara (Harvey & Reed 2007). In these instances, 
technical problems arose during the operation of the water supply system, and a lack 
of training to operate and maintain the systems has been reported. 
Institutions employing CBWS do not have the necessary experience that those in the 
irrigation sector in Indonesia have. The irrigation sector has a long history of 
community management (namely Subak, Mitra Cai, and Dharma Tirta), followed by 
support from government-managed water user groups such as P3A (Perkumpulan 
Petani Pemakai Air). Following the success of the irrigation sector, some of their 
approaches can be used as a benchmark for CBWS. Research on the irrigation sector 
(Ricks 2016) shows that government officials’ communication (commonly from the 
municipality level) with farmers significantly improves the performance of water user 
institutions. Currently in CBWS, government involvement is limited after the 
operational stage. The experience of the irrigation sector indicates that there is an 
argument for municipality involvement to bring about improvement to CBWS 
performances, and that these improvements should continue past the initial stage 
(Ricks 2016). 
5.4.2.1. Safe drinking water quality 
The first target of the SDG on water and sanitation (UN 2015b) is expected to be met 
by 2030. In Indonesia, CBWS as part of the water supply system is also expected to 
deliver safe and affordable drinking water. In terms of potability, Indonesia’s Ministry 
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of Health (MOH) regulation on drinking water standards, the Permenkes 492/2010, 
mandates all water supply providers to comply with physical, chemical, and 
microbiological standards in their water supply. In addition, Permenkes 736/2010 
sets mandatory procedures related to the monitoring of water quality. Since the 
decentralization era, government regulation 16/2005 on water supply system 
development states that a water service provision is the responsibility of municipal 
governments. This means that monitoring water quality is also under municipal 
government jurisdiction, but that the implementation might differ between 
municipalities.  
Since the beginning of the ICWRMIP project, water quality monitoring for CBWS 
water samples had only been conducted once during establishment, as was required, 
and had been found to meet government specifications. Subsequently, neither the 
committees nor the MHA conducted further lab testing to monitor CBWS water 
quality, not even in Jayamukti where users were aware of salinity issues (CBWS 
Jayamukti, 22 October 2015). This is contrary to regulation (Permenkes 736/2010), 
which mandates water quality monitoring to be conducted frequently each year. 
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Table 5-3. CBWS water quality. 
Parameter Unit Threshold limit *) Jayamukti Pasirsari Pasirtanjung 1 Pasirtanjung 2 Cibatu 
   
Nov 2015 Feb 2016 Nov 2015 Feb 2016 Nov 2015 Feb 2016 Nov 2015 Feb 2016 Nov 2015 Feb 2016 
Microbiology 
            
Total Coliform  Colony/ 100 mL 0 NCR 
(11) 
NCR 
(46) 
NCR 
(23) 
NCR 
(>1898) 
NCR 
(4) 
NCR 
(4) 
NCR 
(>2,400) 
NCR 
(95) 
√ NCR 
(11) 
Faecal Coliform Colony/ 100 mL 0 NCR 
(4) 
NCR 
(7) 
√ NCR 
(26) 
√ √ NCR 
(7) 
NCR 
(14) 
√ NCR 
(4) 
Physical 
            
Colour TCU 15 √ NCR 
(16) 
√ NCR 
(18) 
√ √ √ NCR 
(16) 
√ NCR 
(32) 
Temperature 0C Ambient temp + 30C √ √ √ √ √ √ √ √ √ √ 
Turbidity NTU 5 √ √ √ √ √ √ √ √ √ NCR 
(10.48) 
Total Dissolved Solids mg/L 500 NCR 
(729) 
NCR 
(1400) 
√ √ √ √ √ √ √ √ 
Chemical 
            
pH - 6.5 – 8.5 √ √ √ √ √ √ √ √ √ √ 
Iron mg/L 0.30 √ √ √ √ √ NCR 
(0.37) 
√ √ NCR 
(0.95) 
NCR  
(1.67) 
Total Hardness as 
CaCO3 
mg/L 500 √ √ √ √ √ √ √ √ √ √ 
Chloride mg/L 250 NCR 
(590) 
NCR 
(253) 
√ √ √ √ √ √ √ √ 
Chromium Total  mg/L 0.05 √ √ √ √ √ √ √ √ √ √ 
Nitrate as N03 mg/L 50 √ √ √ √ √ √ √ √ √ √ 
Nitrite as N02 mg/L 3 √ √ √ √ √ √ √ √ √ √ 
Sulphate  mg/L 250 √ NCR 
(253.8) 
√ √ √ √ √ √ √ √ 
Manganese  mg/L 0.40 NCR 
(0.43) 
√ √ √ √ √ √ √ √ √ 
Source: Authors elaborations. 
*) According to Permenkes 492/2010 on drinking water standards. 
Note: ‘√’ = complying result, NCR = non-complying result with value in the bracket.  
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The laboratory results of the water samples collected in this study showed that with 
the exception of CBWS Pasirtanjung 1 (colour was close to the limit), all of the 
samples collected during the rainy season in February 2016 were coloured. All of the 
CBWS water samples were contaminated by coliform bacteria, except the sample 
from CBWS Cibatu collected in November 2015. Two CBWS water samples were 
contaminated with faecal coliform bacteria, two CBWS water samples were only 
contaminated during the rainy season (February 2016), and other CBWS water 
samples were found to be free from faecal contamination. The increased colour in 
the water samples may have been caused by an increase in silt particles, which is 
typically high during the rainy seasons. In addition, (Lee & Schwab 2005) reported 
that water quality degradation can also be caused by intermittent service and 
leakages in pipe networks. These factors are present in all CBWS water supply 
systems, in addition to poor sanitation practices within the water catchments. For 
example, one CBWS water source was located near a farming area, while another was 
located near open solid waste dumping sites that may have leachate contamination 
issues. 
The World Bank (1994) claims that due to inadequate sanitation, coliform bacteria 
contamination is a common problem in Indonesian water supply systems. Although 
this report was written more than two decades ago, conditions may not have 
improved significantly as Indonesia still deals with sanitation problems. This claim is 
supported by the fact that Indonesia is the second highest country in the world with 
regard to the number of people who practise open defecation (WHO & UNICEF 2014). 
For example, the 2014–2015 PDAM’s municipal water company’s water quality 
monitoring showed that more than 20% of household water samples were 
contaminated with coliform bacteria. For this reason, many Indonesian households 
(41.8%) rely on bottled water for drinking (BPS et al. 2013).  
In addition to coliform contamination, some CBWS water samples exceeded physical 
and chemical standards (Table 5-3). For example, high turbidity was found in CBWS 
Cibatu, and high concentrations of iron were found in CBWS Cibatu and CBWS 
Pasirtanjung 1. Unlike coliform contamination that could threaten human health, the 
concentrations of iron found in the water samples were harmless to health, but may 
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aesthetically affect the water. At these concentrations (Table 5-3), taste and odour 
issues could be significant, in addition to the potential to stain pipes and clothes 
(Colter & Mahler 2006). From two water samplings, all CBWS water samples 
exceeded the drinking water standards. It is also common to find that PDAMs in 
Indonesia do not deliver the expected water quality at all times (BPPSPAM 2015a). 
This has led most Indonesians to boil water intended for drinking from piped supplies 
(Hadipuro 2010). The worst water quality was found in CBWS Jayamukti. In addition 
to coliform bacteria and colour, TDS (total dissolved solids), chloride, sulphate and 
manganese (consistent with high TDS levels) exceeded government standards. The 
WHO guidelines for drinking water quality (WHO 2011a) states that there are no 
health effects for TDS concentration up to 1,400 mg/L; however, users may find such 
high concentrations disturbing, as evidenced from the number of complaints 
regarding salinity (CBWS Jayamukti, 22 October 2015). The poorer water quality 
found in some of the CBWS can be improved through simple methods of water 
treatment, for example, phosphate treatment to reduce iron concentrations (Colter 
& Mahler 2006) and chlorination for disinfection (WHO 2004). However, as 
mentioned earlier, the committees were unable to implement these measures due 
to a lack of technical knowledge. Assistance from the government would be helpful 
in improving this situation. 
Table 5-4. CBWS tariff 2015. 
CBWS INITIAL SUBSCRIPTION FEE CONSUMPTION FEE PER m3 
IDR USD IDR USD 
Cibatu 500,000 38.5 3,000 0.23 
Jayamukti Before Sep 2015 350,000  26.9 Before Sep2015 2,500 (for all users) 0.19 
Since Sep 2015 500,000  38.5 Since Sep2015 3,500 (for commercial users) 
2,500 (for other users) 
0.27 
    Additional monthly administration fee IDR 2,000 (USD 0.15) 
Pasirtanjung 1 Before 2015 300,000 23.1 2,500 0.19 
Since 2015 500,000 38.5 
Pasirtanjung 2 Before 2015 300,000 23.1 2,500 0.19 
Since 2015 500,000 38.5 
Pasirsari Before 2015 600,000 46.2 0 – 10 m3 3,000 0.23 
Since 2015 800,000 61.5 11 – 20 m3 3,500 0.27 
21 m3 onwards 4,000 0.31 
Additional monthly administration fee IDR 2,000 (USD 0.15) and 
subscription fee IDR 5,000 (USD 0.38) 
Source: CBWS committees and authors elaborations. 
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5.4.2.2. Tariff affordability 
The Indonesian Ministry of Home Affairs regulation (Permendagri 23/2006) 
mandates a certain tariff on drinking water for the PDAM. The tariff should ensure 
affordability where water expenses for 10 m3 consumption per household per month 
(a basic water requirement, according to the Indonesian government) do not exceed 
4% of provincial minimum wage for labourers (Smets 2017). In some provinces, for 
example West Java Province, the minimum wage is determined at the municipality 
level, resulting in a benchmark for tariff affordability. Although the regulation is 
intended for PDAM, in this article it will be used to check the affordability of the CBWS 
tariff.  Each CBWS sets a tariff for initial subscription and monthly water consumption 
(Table 5-4), which should be paid in the first week of each month. The financial 
arrangements are usually taken care of by an appointed treasurer who collects the 
bills from the users, pays salaries to the officials, and manages other operational 
expenses. In some CBWS institutions, however, the leaders also play the role of 
treasurer. Currently, the financial arrangements could ensure basic continuity of the 
CBWS institutions to fund their operational and management expenses. For three 
CBWS institutions, Cibatu, Pasirtanjung 1, and Pasirtanjung 2, savings made were 
used to expand coverage by building new systems to support older systems that 
could no longer supply enough water for the growing number of users (CBWS Cibatu, 
23 October 2015; CBWS Pasirtanjung 1 and Pasirtanjung 2, 27 October 2015). 
The maximum tariff for 10 m3 consumption per household is an IDR 7,000 monthly 
maintenance fee and an IDR 30,000 consumption fee (total of IDR 37,000 is 
equivalent to USD 2.85), which is charged by CBWS Pasirsari. This tariff is 1.3% of the 
2015 municipal minimum wage of IDR 2,840,000 (USD 218). According to government 
standards (Permendagri 23/2006), CBWS Pasirsari’s tariff and other CBWS tariffs for 
minimum household consumption per month can be considered to be affordable. 
Although current CBWS tariffs are affordable, these rates limit the ability of the 
committees to improve CBWS services due to lack of funding. This problem has been 
identified in previous research (Jiménez & Pérez‐Foguet 2010), in which limited 
financial support could be a barrier in a system’s operation and maintenance. In 
Cikarang, this caused CBWS Pasirtanjung 1 (CBWS Pasirtanjung 1, 27 October 2015) 
to opt for a cheaper replacement pump. The cheaper pump came with diminished 
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performance and a shorter lifetime, resulting in the need for several additional 
replacements in the three-year operational period. Limited savings also meant CBWS 
Pasirtanjung 2 had to apply for bank credit to fund the building of a new system 
(CBWS Pasirtanjung 2, 27 October 2015).  
There is a gap of approximately 2.7% (of provincial minimum wage) between current 
tariffs and government affordability standards. This gap can be used by the CBWS to 
implement a tariff increase to improve water services; however, the committees 
chose not to increase the consumption tariff out of consideration for the financial 
situation of its users, since most were deemed to be low income families (CBWS 
Jayamukti, 22 October 2015; CBWS Pasirtanjung 2, 27 October 2015). However, all 
CBWS institutions, except CBWS Cibatu, raised the initial subscription tariff following 
an increase of pipe prices and labour wages (Table 5-4). 
The discussion about tariff affordability is to ensure that the prevailing tariff will not 
prevent vulnerable households from consuming water at the minimum requirement 
level either by decreasing consumption or by substituting it with water from unsafe 
sources (Hutton 2012). In this case, we do not expect users to go back to pumping 
groundwater individually or fetching water from the river. However, average water 
consumption in the CBWS is 21 m3 per household per month (Table 5-2), which is 
about double the government standard of 10 m3 per household per month, and more 
than the minimum water requirement for fundamental human rights, which is 50 
lpcpd, or equal to 6 m3 per household per month (Gleick 1996). This implies that tariff 
vulnerability that leads to a decrease in water consumption is not a significant issue 
for most CBWS users. On the other hand, raising tariffs to a certain level could help 
avoid excessive consumption, because of the negative correlation between tariff 
rates and water consumption (Dalhuisen et al. 2003). This will eventually help the 
committees maintain groundwater sustainability by keeping households’ water 
consumption at an adequate level. 
Indeed, increasing tariff rates is a sensitive issue for CBWS, as illustrated in Mali, 
where high tariffs resulted in withdrawal from community participation (Gleitsmann, 
Kroma & Steenhuis 2007). In CBWS Cikarang, the most acceptable reason for tariff 
increase might be to adjust current tariffs for CBWS Jayamukti, Pasirtanjung 1, and 
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Pasirtanjung 2 to the tariff rates for CBWS Cibatu and Pasirsari. Another possible tariff 
increase is through the application of a progressive tariff, which is currently practised 
in CBWS Pasirsari. In Pasirsari, tariffs are differentiated per 10 m3 of consumption, 
and constant after 20 m3. However, this scheme was once refused in Pasirtanjung 2 
(CBWS Pasirtanjung 2, 27 October 2015), prompting committees to become more 
guarded by socializing the benefit of a progressive tariff to the users before 
implementation. 
Investigations on the second principle show that all CBWS institutions are weak with 
maintaining their systems, complying with drinking water standards, and balancing 
costs. The situation is the worst in CBWS Jayamukti, which produces water at very 
low standards and is unprofitable and therefore unable to maintain its system. These 
issues have led us to believe that the second principle is absent in CBWS Jayamukti.  
5.4.3. Collective-choice arrangement 
In some CPR institutions (van Ast, Widaryati & Bal 2014), community participation in 
the creation or modification of rules usually takes place in a meeting among users, 
but decisions to modify rules are usually taken under the leader’s approval. Quinn et 
al. (2007) show in their research that the leader dominates the rules regarding CPR 
institutions. Those arrangements are acceptable as long as the users still have the 
ability to contribute to the modification of rules (Ostrom 1990, 2008a). An example 
of water supply community-driven projects (Adams & Zulu 2015) showed that the 
users in the projects commonly play the role of paying customers rather than active 
users. Indeed, the function of a CBWS institution is similar to a water supply company: 
to deliver water supply to customers, to collect water bills from users, and to manage 
operational and management costs. As a CPR institution, the users are expected to 
be able to contribute in the arrangement to modify rules. In a water supply company, 
the arrangement is not recognized, but customers can still give feedback to the 
company, usually via a customer service line.  
In all CBWS institutions, the rules on tariffs were created by each CBWS committee. 
Since the establishment of CBWS institutions, the most important rule, the 
consumption tariff, has never been raised, except in CBWS Jayamukti in order to 
differentiate groups of users. On the other hand, the initial subscription fee (for new 
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users) has been raised in all CBWS institutions, except in CBWS Cibatu. The increase 
in tariffs was determined by the committee, without the involvement of users. 
According to the CBWS Pasirsari leader (CBWS Pasirsari, 6 November 2015), the 
decision was made according to the price of materials. In the early stage of the 
development of CBWS systems, materials were bought in large quantities, which kept 
the cost for pipe connections low. Subsequently, for each new user, the committee 
must buy material in smaller amounts at higher costs. In Pasirtanjung 1 (CBWS 
Pasirtanjung 1, 27 October 2015), there is a preapproved initial subscription fee, but 
for new users who live far from the distribution mains, the fee is usually discussed 
between the user and the leader of the committee, depending on the distance from 
the mains. The same scheme is also applied in PDAM for new customers who live 
outside the company’s coverage area. The initial subscription fee is calculated 
separately, usually based on the distance from the company’s pipe network. 
User contribution to this research lays between their roles as members (in a CPR 
institution) and as paying customers (in a water supply company). Contributions to 
modify rules are not delivered in members’ meetings, as is the case in CPR 
institutions. Rather, the committee is informed, usually via informal communication 
with the leader, similar to customers providing feedback to a water supply company. 
The leader then discusses the user feedback with other members of the committee. 
When this feedback is approved, it is then released to the users as a formal rule, as 
well as announced to them during monthly bill collections — or printed on the bills. 
In Jayamukti (CBWS Jayamukti, 22 October 2015), strong user opinions advised the 
committee to differentiate tariffs between business and household users (Table 5-4). 
In Pasirtanjung 2 (CBWS Pasirtanjung 2, 27 October 2015), protests from users 
resulted in the cancelation of plans to implement a progressive tariff. The formal and 
informal communication between users and committees is recognized in CPR 
institutions in villages (Quinn et al. 2007). It is important to ensure that despite the 
informal communication in contributing opinions, the modified rules should be 
delivered as formal rules to strengthen their function. 
Users’ contributions to modifying rules through informal communication with 
committees show that a strong bond of trust and connectedness between users and 
committees exists in the CBWS institutions. This is an element of social capital, 
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discussed in Pretty (2003), and shows that the strength of this principle is strong 
among all CBWS institutions. 
5.4.4. Monitoring 
5.4.4.1. Monitoring user consumption 
A water meter was installed in each user’s home to record monthly consumption for 
every CBWS location. In the first week of the month, a committee member records 
water consumption from each household to calculate the monthly bill. This shows a 
strong effort to monitor user consumption of CPR, as well as indicates a strong value 
of this sub principle. 
5.4.4.2. Monitoring groundwater sustainability 
According to Indonesian regulations, any groundwater withdrawal, except for daily 
household consumption and individual farming, requires a permit from a government 
institution. Additionally, to maintain the condition of the aquifer, the government 
limits permits and the withdrawal amount, while ensuring adequate water recharge. 
Even though CBWS withdraw groundwater, they are not required to obtain 
permission to do so, and were not charged any tax for withdrawing water. This is 
based on the assumption that CBWS are not-for-profit institutions, and the water is 
used for daily household consumption. Exempting the CBWS from permits and taxes 
demonstrates a desire to support community involvement in managing water supply 
in the absence of public piped water services, if there is a reliable mechanism for 
monitoring CBWS extraction levels to achieve sustainability.  
The recorded consumption for 2015 showed that each CBWS consumed about 1,469–
7,736 m3 of groundwater, with an average of 4,320 m3 per month (Table 5-2). The 
highest CBWS monthly consumption, which is equal to the consumption of a middle 
scale factory, is not negligible. It raises some concerns because currently, industrial 
groundwater consumption has affected groundwater sustainability in Cikarang 
(Chaussard et al. 2013; ESDM JABAR 2012). Apparently, some CBWS committees 
(CBWS Pasirsari, Pasirtanjung 1, and Pasirtanjung 2) also noticed diminishing 
quantities of groundwater during the 2015 dry season. At the time, users were 
complaining about lower supply levels to homes in the daytime, compared to the 
rainy season. This implies that cumulative CBWS consumption, including those of 
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other CBWS projects in Cikarang, could diminish groundwater supply. Therefore, 
monitoring CBWS, in addition to industrial groundwater consumption, is necessary. 
Hence, there is a need for nested, cross scale/CBWS instructional arrangements. 
Under current management, the CBWS might survive as institutions, as they provide 
strong mechanisms to monitor user consumption. Without monitoring however, the 
systems would not be sustainable if groundwater reserves diminish. Therefore, CBWS 
involvement in groundwater monitoring is necessary to ensure groundwater 
sustainability.  
5.4.5. Graduated sanctions 
In all CBWS institutions, there are unwritten rules that regulate supply disconnection 
when payment is late or not made. However, in the five CBWS investigated, only 
CBWS Pasitanjung 2 has implemented this rule, and it was only carried out as a last 
resort due to irresponsible user behaviour (CBWS Pasirtanjung 2, 27 October 2015). 
Even though most committees stated that users’ arrears were the biggest challenge 
in managing the system, none, except Pasirtanjung 2, chose to disconnect supply. 
Most committees were sympathetic, and had empathy for users who were financially 
constrained, despite the requirement of institutions to maintain system funding. In 
fact, most committees offered to assist users by allowing users credit facilities, even 
as they continued to remind users about the possibility of supply disconnection. Thus, 
of the five CBWS considered, only CBWS Pasirtanjung 2 had a strong principle of 
graduated sanction; the other four CBWS weakly implemented the principle. 
5.4.6. Conflict resolution mechanism 
In the five CBWS institutions, conflict resolution mechanisms are not well prepared, 
in written form or otherwise. In practice, the role of the committees is dominant, and 
most of the conflicts are resolved through communication between users and 
committees, especially with the leaders. For example, as described in the fifth 
principle, when a user delays payment for up to several months, the committee will 
not disconnect the supply, but will encourage the users to pay arrears in instalment. 
There are some examples in which committees play notable roles in the system. In 
the initial stages, some households in CBWS Pasirtanjung 1 neglected to pay water 
bills because these households assumed that the system was built and funded by the 
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government (CBWS Pasirtanjung 1, 27 October 2015). The leader patiently explained 
that the committee was responsible for operational and management costs, thus the 
need for a water tariff. 
In addition to conflict resolution between users and committees, CBWS Pasirtanjung 
1 also experienced conflicts with the power company. The committee did not pay the 
pump’s electricity bill for three years of operation, since the assumption was that the 
CBWS system was a government project that might benefit from waivers from the 
power company (which is also government-linked). The amount in arrears was IDR 
35,000,000 (USD 2,692), and the committee leader was threatened with 
imprisonment. This conflict was resolved by paying the bills in instalments, and they 
were paid in full in 2015.  
Other CBWS committees also experienced managing conflicts with their users or with 
other parties. All of these conflicts were resolved through communication between 
committees (usually by the leaders) and the conflicting parties. In more serious cases, 
village leaders were involved in the process. Again, these examples demonstrate 
strong social capital among villagers, and also strong efforts in managing the sixth 
principle. 
5.4.7. Minimal recognition of right to organize 
Despite the fact that the systems were built from the same programme, the 
ICWRMIP, each CBWS managed the decision on its own. After the operational stage, 
the appointed committees were capable of managing their individual systems. This 
included proposing initial subscription fees and maintaining water supply and 
distribution, without consulting the MHA or other government authorities. The right 
to organize can also be seen by different tariff rates charged and arrangements 
between the five CBWS institutions in Table 5-4. In extreme conditions, strong rights 
to organize were also demonstrated by a willingness on the part of the committees 
to take further responsibilities to manage its corresponding CBWS institution. For 
example, when CBWS Pasirtanjung 2 intended to build a new system, although funds 
were insufficient, the leader was willing to use his property as collateral to obtain a 
bank loan (CBWS Pasirtanjung 2, 27 October 2015). 
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5.4.8. Nested enterprise 
In principle 4, it was shown that despite recording monthly users’ water 
consumption, all CBWS institutions do not monitor their groundwater resources. 
According to Margat and Van der Gun (2013), it is important to provide reliable data 
to manage groundwater resources. Current water consumption data should be 
assessed together with data on groundwater deposits. With this information, CBWS 
institutions can keep their water consumption to an adequate level, without harming 
the groundwater resources. With adequate training and assistance, CBWS 
committees could also contribute to groundwater management, as the approach has 
been implemented in other CPR institutions around the world. In Lockyer Valley, 
Australia (Sarker, Baldwin & Ross 2009), farmers were willing provide their own water 
meters to monitor their consumption. In Neemkheda, India (Kulkarni et al. 2004), 
farmers performed groundwater monitoring and planned their consumption based 
on the data collected. A study conducted by Gunn and Mora (cited in Cox, Arnold & 
Tomás 2010) also showed that community involvement in resources monitoring 
resulted in the sustainability of the resources. 
The effort to support CBWS participation in managing groundwater resources could 
also help EMRA to address West Java groundwater problems. As the CBWS manages 
their groundwater sustainability, the agency could also be focusing on other parts of 
the province, handling diminished groundwater resources in Cikarang (Chaussard et 
al. 2013; ESDM JABAR 2012), and addressing problems of unregistered industrial 
groundwater use (Abidin et al. 2009; Braadbaart & Braadbaart 1997; Chaussard et al. 
2013). 
5.5. Conclusion 
This study shows that all five CBWS institutions were strong enough to sustain 
themselves. Even though they did not fulfil all aspects of Ostrom’s design principles, 
the CBWS studied were able to make up for their shortcomings through alternative 
methods. For example, in the first principle, even though two CBWS supplied water 
to the same neighbourhood, they managed to distinguish their users through 
communication. In principle 3, the absence of regular meetings between the users 
and the committees was addressed by informal communication between the two. 
The communication proved to be effective in determining the tariff policy. Conflict 
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resolution, which should exist based on the sixth principle, was replaced with the 
dominant role of the committee leader. However, having a leader who is too 
dominant could be risky if the leader is not capable of making sound decisions for the 
benefit of both the users and the system. Therefore, it is important to create formal 
arrangements not only for conflict resolution, but also for determining user 
boundaries and regular meetings. This is important in conflict prevention, and will 
encourage participation, ownership, and accountability. 
Despite the state of strong CPR institutions, the CBWS water samples failed to show 
strong performance in achieving water quality targets and groundwater 
sustainability. In the long term, if both of these sub-principles continue to be absent 
or weak, the CBWS institutions will not be supporting the aim of SDG 6 to provide 
safe water to the community, which in turn threatens the continuity of the CBWS 
systems, when groundwater deposits diminish. Therefore, it is important for the 
government, in particular provincial and municipal agencies, to assist CBWS 
committees in maintaining a satisfactory standard of drinking water, as well as to 
support and assist the management of the system. Lastly, it is also important to 
involve CBWS committees to monitor and sustain groundwater supply in their 
locations to ensure sustainability. 
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Abstract 
The study aims to evaluate the implementation of water quality objectives among 
fourteen piped pipe water supply providers (WSP) in Cikarang, Indonesia. The result 
shows that all community-based WSP did not conduct water quality monitoring up to 
standards required. Some WSPs conducted monitoring, but not as frequently or did 
not obtain the required number of samples. Even when monitoring was conducted, 
the results were not used to immediately correct problems in water quality in the 
distribution system. There is a lack of awareness among WSPs of the applicable 
standards, and how those standards to be attained.  This has resulted in water 
delivered that is sub-par. Furthermore, water quality surveillance which should be 
conducted by municipal government is also absent. These practices will require time 
to be rectified, and in the meantime, there is a need for non-potable water quality 
standard in addition to current drinking water quality standard. This study proposes 
that a new standard which addresses the need to monitor water quality produced by 
WSPs that deliver non-potable water be implemented. This will provide customers 
with accurate correct information about the water they are receiving, and that it 
should be treated before consumption. 
6.1. Introduction 
The compendium of water quality regulatory frameworks (UN-Water 2015) has 
emphasized the need to distinguish water quality standard depending on usage. Most 
countries have implemented it, and distinguish water quality standards between 
drinking, irrigation, recreational, industry, aquatic ecosystem, mining, reclaimed 
water, etc. These standards are not uniformly implemented in each country, but, for 
domestic use, most countries have a common standard usually referred to as a 
Drinking Water Standard. Drinking water standards in different countries may vary, 
however, they are usually derived from one global source, the WHO drinking water 
guidelines (WHO 2011a, 2017a).  
The term drinking water refers to water supplied for domestic use, which is defined 
in the Sustainable Development Goals (SDGs) as "water used for drinking, food 
preparation and personal hygiene" (WHO & UNICEF 2017b). Even though this term is 
used globally, in practice the term is not equally applied. In SDGs, drinking water 
refers to water delivered at the same quality either for drinking, food preparation, or 
117 
 
personal hygiene. Apparently, this terminology stems from practice in developed 
countries where piped water, which usually comes from centralized systems, is 
supplied at the highest standard, i.e. water fit for drinking or potable water. In 
practice, in many countries in South East Asia, water for domestic use, especially 
piped water, is not always delivered at drinking water quality (Sutherland 2017). 
Additional treatment at household level is needed, such as boiling or filtering, to 
make the water fit for drinking. This practice might imply the necessity for two 
standards for domestic water supplies. The first is the drinking water standard, which 
is the existing practice, and the other one is non-potable water standard6, where the 
water cannot be consumed directly from tap, but households are still be able to use 
it for other domestic use such as food preparation and personal hygiene. Without 
this further differentiation of standards for domestic use, policies regarding drinking 
water can be ambiguous or unattainable. For example, in the previous Millennium 
Development Goals (MDGs) and SDGs, where drinking water targets were set high, 
monitoring targets were planned at lower standards since targets were generally 
unattainable (WHO & UNICEF 2018). 
This article aims to show the need of delineating water standards for domestic use 
into at least two standards. The objectives of our study were: (i) evaluate the 
implementation of water supply monitoring practices in an urban community in 
Indonesia, (ii) elucidate deviations between current monitoring practices with 
monitoring requirements for potable water standards, and (iii) suggest alternatives 
to current standards that take into account local monitoring standards and practices. 
Specifically, we highlight water supply practices in Cikarang, a city in West Java 
Province Indonesia, which supplies water for domestic use, but of non-potable 
quality.  
  
                                                     
6 Some references might use "clean water" term for this water quality, but the term is also used 
to define water for other purposes. For example in the US, clean water standards refers to river 
water quality standard. 
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6.2. Methods 
Description about water supply practice in Cikarang was obtained from interviews 
with pipe Water Supply Provider (WSP) in Cikarang from 19 October - 18 October 
2015. Prior to the interview, letters requesting an interview were sent to eighteen 
WSPs, but only sixteen agreed. Among the sixteen WSPs, two were only supplying 
water for industrial estates and used their own industrial water standards, and only 
to a small number of domestic consumers. Therefore, these two WSPs were not 
included in our study. Of the fourteen WSPs considered, five are community based 
water suppliers who do not have monitoring programs, and descriptions about these 
suppliers are provided in Roekmi, Baskaran and Chua (2018). The other WSPs are 
PDAM TB, a government owned company, four private water companies, water 
providers owned by two new town and industrial estate developers, and two housing 
developers. 
Water quality monitoring results were requested but only a few WSPs provided the 
information. Two WSPs reported frequent monitoring, provided results only from 
one sampling and not revealing the rest, and PDAM TB (the local government-owned 
water company) provided continuous monthly monitoring results that conducted by 
the municipal health agency (MHA) from January 2014 - December 2015. Additional 
information presented in this article were taken from the surveys conducted during 
fieldwork in Cikarang on 2 occasions, 12 October - 20 November 2015 and 25 August 
- 24 September 2016, results of which are published in Roekmi, Baskaran and Chua 
(2018), and Roekmi, Chua and Baskaran (2018b).  
6.3. Results 
6.3.1. Water quality: performance monitoring result versus customer perception 
The term urban infrastructure ideal (Graham & Marvin 2002) refers to public utilities 
in developed countries which were delivered by monopolized entity, were managed 
in an integrated fashion, and produced a standardized high quality of service (Coutard 
2008). This includes drinking water supplies which were commonly delivered by 
centralised system and produce drinking water at potable standards. On the other 
hand, piped water supplies in South East Asian countries, which can be seen as 
mimicking water supply in developed countries, are commonly managed poorly 
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(Sutherland 2017) thus delivering drinking water at lower quality, and are often non-
potable.  
Of this topic, there is a need to distinguish water quality based on performance 
monitoring and customer perceptions, because there is evidence to show that even 
when water was delivered at drinking water standards, households are reluctant to 
drink water directly from tap (Aini et al. 2007; Ong, Ibrahim & Sen Gupta 2007). 
Therefore, we classified water supply practices into three categories:  
(i) WSP produces drinking water standards at point of distribution and delivered 
water of the same quality to households. 
These households found that the water supplied was to their expectations, 
considered it as potable and are willing to drink water directly from tap. This is the 
common practice in developed countries. Despite the water potable, however, 
households may be reluctant to drink water directly because of preferences and 
perceptions (de França Doria 2010; Doria 2006; Jewell 2014) or conditions in the 
distribution system (Hrudey et al. 2003).  
(ii) WSP delivers water at drinking water standards which is proven by water quality 
monitoring result, but households do not dare to drink water directly from tap. 
In this category, for example, a Malaysian WSP (Syarikat Bekalan Air Selangor 
SDN.BHD.) may be confident about their water quality but studies (Aini et al. 2007; 
Ong, Ibrahim & Sen Gupta 2007) showed that most households prefer to treat water 
before drinking. Apparently, household's decision was influenced by taste and odour 
issues (Aini et al. 2007) or a general distrust of water quality (Ong, Ibrahim & Sen 
Gupta 2007), factors that has been identified to influence households perception on 
drinking water quality (de França Doria 2010). Furthermore, even though WSP's 
performance monitoring result were good, studies taken at different locations and 
times (Anita Devi et al. 2015; Ong, Ibrahim & Sen Gupta 2007) showed that their 
water qualities were variable.  
(iii) WSP delivers water below drinking water standards which is substantiated by 
water quality monitoring results.  
Water quality is below expectations and households do not drink water directly from 
tap.  
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In general, the last two practices occur commonly in developing countries (Alegre & 
Association 2006; Danilenko et al. 2014), thus needing household to treat water 
before consumption. Sutherland (2017) emphasized that households in South-East 
Asian countries were not willing to drink water from tap without treatment. This is 
also the case in Indonesia (Hadipuro 2010; Roekmi, Chua & Baskaran 2018b). The 
reasons for Indonesian household's unwillingness to drink water from tap are as yet 
unknown, however, the following discussions for Cikarang might imply that 
resistance to drink from tap is related to fears that the water might not be of potable 
quality.  
6.3.2. Indonesian regulation on drinking water standards and water quality 
monitoring procedure 
The WHO (2017a) produced guidelines for drinking water standards to be used as a 
recommendation by member states to produce their own drinking water standards. 
In Indonesia, this is known as the Ministry of Health (MOH) regulation on drinking 
water standards (Permenkes No.492/2010). It is known that drinking water standards 
are different in some countries, adjusting to local conditions. For example, the 
guidelines stated that pH for drinking water supply should range between 6.5 and 8.5 
as is adopted by Indonesia and Australia (Table 6-1), but the upper limit is different 
in Malaysia (9) and Singapore (9.5). Differences in parameter ranges were also found 
in some parameters such as Fluoride and Manganese, but all ranges still fall within 
the health consideration limits (WHO 2017a). Therefore, despite differences in 
approved limits in some parameters, all drinking water standards follow health 
consideration. 
Table 6-1. Drinking water standards for three selected parameters 
Parameter Unit 
WHO 
guidelines 
Australia Indonesia Malaysia Singapore 
pH   6.5-8.5 6.5 - 8.5 6.5-8.5 6.5-9 6.5 - 9.5 
Fluoride (F) mg/l 1.5 1.5 1.5 0.4-0.6 0.7 
Manganese (Mn) mg/ l 0.4 0.1 0.4 0.1 0.4 
Source: WHO (2017a), NHMRC (2011), Kementerian Kesehatan Republik Indonesia 
(2010), Kementerian Kesihatan Malaysia (2004) and Singapore Government (2017). 
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In addition to drinking water standards WHO guideline also recommends careful 
monitoring to keep water delivered at the expected quality. This is adopted as a MOH 
Regulation on drinking water quality monitoring procedure (Permenkes 
No.736/2010). The recommended frequency of water sampling varies based on the 
parameters, but most parameters are expected to be monitored once per month. 
Most countries follow WHO guidelines, but some take stricter measures. For 
example, the WHO guidelines recommended minimum 12 samples per monitoring 
zone taken annually to monitor faecal contamination, which is followed by Indonesia, 
Malaysia and Singapore. Australia however, requires one sample per week (52 
samples per year) per monitoring zone (NHMRC 2011). Despite the differences, 
drinking water quality and performance monitoring standards in the four countries 
follow WHO guidelines, thus if followed correctly, it would assist water supply 
providers to provide water at drinking water standards. The Indonesian regulation 
for drinking water standards and its monitoring procedures have followed WHO 
guidelines. Therefore, if water quality samples produced by WSPs follow the 
regulations, they would be in compliance with global drinking water standards and 
the argument that Indonesian households are reluctant to drink water from tap is 
due to lower standards is not supported.  
6.3.3. Indonesian drinking water quality based on performance monitoring 
Research (Fan et al. 2014; Kumpel & Nelson 2013; Lee & Schwab 2005; WHO 2017a) 
show that intermittent water supply and low pressure can result in contamination 
within the distribution system. Both conditions occur regularly in Indonesian water 
supply. Performance reports (BPPSPAM 2016b, 2016c, 2016d, 2016e) on all 
Perusahaan Daerah Air Minum (PDAM), the local government-owned company 
supplying municipal piped water in Indonesia showed that from 2013 - 2015, only 
15% - 17%, of PDAMs operated for 24 hours per day. Moreover, most WSPs were 
supplying water at a pressure lower than the expected standard of 0.7 bar (Roekmi, 
Chua & Baskaran 2018b). Both these conditions are common in PDAMs resulting low 
water quality. From 2013 - 2015, more than 50% of Indonesian PDAMs water quality 
samples did not meet BPPSPAM standard which required that 80% of water quality 
samples should comply with Indonesian drinking water standards. This condition lead 
to  a conclusion that Indonesian PDAMs deliver water at non-potable standards, and 
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this is certainly supported by the fact that Indonesian households were unwilling to 
drink water directly from tap (Hadipuro 2010; Roekmi, Chua & Baskaran 2018b). 
6.3.4. Factors affecting Indonesian WSP produce non-potable water quality 
Sutherland (2017) claimed that delivering water at non-potable quality is a common 
practice in South-East Asian countries, but was confident that potable water supplies 
in South-East Asia can be a reality if water safety plans are implemented properly. 
Kumpel (2013) also argued that water supplied intermittently can still be provided at 
drinking water quality by optimizing flushing and monitoring, especially for chlorine 
residue and pressure. However, it is doubtful if this is achievable in Indonesia in the 
near future, because the procedure to produce drinking water quality is not 
rigorously followed, as described in Section 6.3.4.1 to Section 6.3.4.4. 
6.3.4.1. Confusion between drinking and clean (non-potable) water standard 
In 1990, MOH released water standards (Permenkes 416/1990), for drinking water 
and clean water standards. In this regulation, drinking water was defined as water of 
quality that follows health requirement and can be consumed immediately; while 
clean water was defined as water for daily needs with quality that follows health 
requirement that necessitates boiling before consumption. From the terms used, it 
can be concluded that the drinking water standard is designed for water for 
immediate consumption such as bottled water, while piped water can be categorized 
as clean water. In 2002, the drinking water standard requirement was updated by 
MOH regulation, Kepmenkes 907/2002 which annulled the 1990 regulation on 
drinking water standard. Then in 2010, the drinking water standard was updated 
again by Permenkes 492/2010, and this is the latest version. Since 2002, each 
regulation on drinking water standard defined drinking water as water with or 
without treatment that fulfilled health standard and can be consumed immediately. 
This term combines two terms (drinking water and clean water) in the 1990 
regulation into one term (drinking water) which is similar to SDG terminology, 
referring to water supply practices in developed countries. Furthermore, the 
regulations from 2002 regulation apply drinking water standards to all drinking water 
suppliers, including piped water, water vendors, and bottled water. Significantly, 
however, our survey showed that WSP officials are not aware of these changes.  
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All nine interviewed WSPs followed procedures to produce water at their expected 
standards. Since they used surface water and treat water before distributing to 
customers, every WSP monitored their raw water daily, especially on pH and turbidity 
parameters to determine the appropriate treatment process to produce water. Most 
monitor their product at the reservoir to ensure that they deliver water to an 
expected standard, but there is ambiguity about the expected standard. Apparently, 
all WSPs interviewed reported that their water was non-potable, which they referred 
to as clean water. We crossed check with some of the laboratory results provided and 
found that most monitoring results were compared to Permenkes 492/2010, the 
drinking water standard, and only one compared to the clean water standard 
(Permenkes 416/1990). The former shows that WSP officers do not fully understand 
regulations around drinking water, because they reported samples to be compared 
to clean water standards, which were in fact compared to drinking water standards. 
It also showed that they did not have confidence that their water was delivered at 
drinking water quality. On the other hand, WSP that correctly compared their sample 
results to the clean water standard did not comprehend the expectation of current 
regulation (the Permenkes 492/2010) which mandates that piped WSP deliver water 
at drinking water standards. Without proper awareness of current regulations to 
deliver water at drinking water quality, WSPs were not aware that they were under 
performing when delivering water at non-potable quality and would not try to 
improve water quality, as long as water is fit to drink after treatment by the 
customers. 
6.3.4.2. Frequency of sampling and compliance with standard procedure 
The WHO (2017a) developed a performance monitoring procedure to measure water 
quality in distribution systems. This is to ensure that drinking water is delivered at an 
expected standard and to prevent contamination. The procedure provides guidance 
for determining sampling frequency, number of samples, and choosing sampling 
locations. The guideline follows basic statistical approach to produce reliable 
measure that indicate accurate water quality condition in the distribution system. On 
the other hand, when this procedure is not followed, we can assume that the result 
of performance monitoring might be unreliable and shows the absence of "due 
diligence" of WSPs to produce safe water.  
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Table 6-2 PDAM TB number of monitoring samples taken for microbiological 
parameters in 2014 - 2015 
Year Month 
BRANCH 
A B C D E F G H I J K L 
2
0
1
4
 
Jan -1 0 0 0 2 4 0 2 0 1 -1 1 
Feb -1 0 0 0 2 2 0 3 0 2 -1 0 
Mar -1 0 0 0 2 4 0 3 0 1 -1 0 
Apr -1 0 0 0 3 4 0 2 0 1 -1 1 
May 1 0 0 0 2 4 0 3 0 3 -1 0 
June 3 0 0 0 3 4 0 4 0 2 0 0 
July 2 0 0 0 3 4 -1 3 0 2 0 0 
Aug 0 0 0 0 4 4 0 3 0 1 0 4 
Sep -1 0 0 0 2 4 0 3 0 0 -1 0 
Oct -1 0 0 0 2 4 0 3 0 2 0 0 
Nov 1 0 0 0 4 4 0 3 0 2 0 0 
Dec 1 0 0 0 4 4 0 3 0 1 0 1 
2
0
1
5
 
Jan 0 -1 0 -1 1 3 0 2 0 2 0 0 
Feb 0 0 0 -1 1 3 0 2 0 2 0 0 
Mar -2 1 0 -1 1 3 0 2 0 1 0 -1 
Apr -2 0 0 -1 2 3 0 2 0 1 0 -1 
May -3 -1 0 -1 1 2 0 2 0 2 0 -1 
June -3 -1 0 -1 2 2 0 2 0 2 0 -1 
July -2 0 -1 -1 2 3 0 2 0 2 0 -1 
Aug -5 0 0 -1 3 1 0 3 0 1 0 0 
Sep -2 -1 0 -1 1 3 0 2 0 0 0 -2 
Oct -3 -1 0 -1 1 3 0 2 0 1 0 0 
Nov -3 -1 0 -1 3 3 0 2 0 1 0 0 
Dec 0 1 0 -1 3 3 0 2 0 2 0 0 
Source: Combined data from PDAM TB and MHA. 
In Cikarang, other than PDAM TB, only two of the WSPs interviewed reported that 
they conducted monitoring at household levels following MOH procedure, but one 
of them used the previous (Permenkes 416/1990) clean water standard. The other 
WSPs conducted monitoring, but less frequently than required or collected 
insufficient samples. However, even with PDAM TB who reportedly followed MOH 
procedures, monitoring standards were not fully complied with. The MOH regulation 
on monitoring (Permenkes 736/2010) regulated two monitoring for the distribution 
system: internal monitoring by the WSP and the external monitoring by the MHA. 
The frequency and number of samples for internal and external monitoring are the 
same. Every month, there should be two monitoring on physical and microbiological 
parameters in the distribution system, conducted by two different entities. In 
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practice this was not followed, either by WSPs or MHA and has been identified 
(GLAAS 2015) as a common problem in Indonesia. Performance monitoring for PDAM 
TB water samples which should be conducted twice a month (internal and external 
monitoring), is only conducted once by MHA at cost to PDAM TB. Moreover, number 
of samples required for monitoring did not always follow the requirement. 
Monitoring for physical parameters should be conducted in the distribution system 
once every month with number of samples dependent on population served, and 
once every six months for chemical parameters. The number of samplings for 
microbiological parameters, which should be more frequent did not always follow 
the requirement.  
Table 6-2 shows the gap between number of samples taken with number of samples 
required by regulation where green indicates samples exceeding the requirement, 
red indicating samples less than the requirement. Table 6-2 was generated from 
annual data reported by the MHA (Dinas Kesehatan Kabupaten Bekasi 2014, 2015). 
It shows that samples taken for monitoring locations at each branch do not always 
follow MOH requirements. In some branches (E, F, H, and J), samples were taken 
more than required and in others, less. This makes statistical comparisons difficult 
and can lead to incorrect conclusions about the level of water quality in the 
distribution system.  
The WHO guidelines (WHO 2017a) recommend a follow up action to correct 
problems if monitoring result indicate that water quality in the distribution system is 
low. However, Roekmi, Chua and Baskaran (2018b) showed that monitoring result is 
not used immediately to correct water quality, but only used as a requirement for 
reporting to BPPSPAM. GLAAS (2015) indicated lack of resource for follow-up action 
as the reason why this happens commonly in Indonesia. These practices reveal that 
water quality monitoring results are not taken seriously; hence low water quality 
performance is not seen as a big issue. 
6.3.4.3. Water quality monitoring result and procedures 
Among the eight WSPs interviewed, all informed that their water were up to the 
expected water quality standard, and two WSPs provided copies of their laboratory 
results showing that both fulfilled drinking water quality standard. The MHA 
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monitored PDAM TB water samples monthly, taken from raw water, reservoir and 
household taps. The results showed that water quality improved from raw water to 
reservoir then to the distribution system. Most raw water samples were 
contaminated during March and July, in 2014 and 2015, showing high concentration 
of BOD, COD, Manganese and NO2. The data confirmed information from most WSP 
officials about diminished raw water quality, especially during the dry seasons. 
Despite raw water being treated, some water samples collected from reservoirs 
(after treatment) were also contaminated, and so were samples collected from the 
distribution systems. In March 2014 and March 2015, when raw water was polluted, 
about 7% of water samples taken from household taps were high in turbidity or NO2. 
Both contaminants do not have health implications if the water is boiled before 
drinking. However, the occurrence of both substances showing that water treatment 
was not controlled properly (WHO 2011b, 2017b), and this condition was supported 
by the microbiological test results.  
Microbiological parameters (total coliform and E.Coli) were monitored in each 
household samples every month. The results showed that E.Coli was absent in every 
monitoring, but total coliform was always present from January 2014 - December 
2015 (Figure 6-1). Since the population served in five branches of the distribution 
system had less than 5000 households, only 1 sampling was required, and therefore 
their monitoring results were not included in Figure 6-1. The graph shows that the 
percentage of samples complying with total coliform limit range between 55.6% - 
100%, with an average of 79.4%. Although total coliform should not be used as the 
indicator of sanitary quality, but it indicates the cleanliness and integrity of 
distribution system (WHO 2017a; WHO & UNICEF 2018). It can also indicate the 
present of biofilm, which according to Kumpel (2013) can occur in an intermittent 
distribution system, such as PDAM TB’s. Therefore, the existence of total coliform in 
roughly 20% of household taps is an indication of unclean distribution system, which 
dissuades households from drinking water directly from tap. Furthermore, the trends 
in Figure 6-1 do not show a decreasing trend from 2014 to 2015, which should be 
expected if actions were taken to improve the system, as expected by WHO 
guidelines. Roekmi, Chua and Baskaran (2018b) showed that in practice, monitoring 
results were not used immediately to correct problems in distribution systems. In 
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addition, complaints from PDAM TB customers about poor water quality in the 
distribution systems were also not immediately followed up (Roekmi, Chua & 
Baskaran 2018b) as evidenced from  PDAM TB’s  (@tirtabhagasasi) and 
(@tirta_bhagasasi), twitter feeds, which include pictures of water from tap. 
 
Figure 6-1 Percentage of water samples comply total coliform standards from 
January 2014 - December 2015. Source: MHA. 
Another issue is the assessment of monitoring results. Ellis (1989) described three 
common ways to measure water quality performance: assessing water quality 
against a maximum value or standard, against a mean and against a percentile. 
Among the three approaches, the first method, which is used by WSPs in Cikarang, is 
the simplest and the commonly used. However, it is also the weakest (NHMRC 2011), 
compared to the other two methods which is usually used by developed countries 
such as Singapore and Australia. The first method can indicate water quality 
performance at time of sampling, but it cannot indicate performance between times 
of samplings, as the other assessments can (NHMRC 2011).  
Current PDAM TB water quality assessment procedures cover three aspects: physical 
(TDS, turbidity, temperature, and colour), chemical (Iron, CaCO3, Chloride, 
Manganese, Nitrate, Nitrite, pH, Sulphate, and KMnO4), and microbiological (total 
coliform and faecal coliform). However, PDAM TB only provides monthly list of 
samples per branch that comply or are below standards. The actual results not 
published. However, the data is available to provide continuous evaluation on 
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monthly water quality. This should be conducted to produce a more reliable 
assessment. Currently, it might not be feasible to asses data against percentiles, since 
the number of samples is too small (Ellis 1989). 
When water samples were taken to be assessed, the next important procedure is to 
take them to a qualified laboratory. Five WSPs reported that their water samples 
were taken to privately owned laboratories, accredited by national accreditation 
commission, while two WSPs sent samples to government run laboratories. Of the 
two government run laboratories, one was not accredited and the other failed to 
have its accreditation renewed. The government laboratories did not see the urgent 
need to be accredited because it was not mandated by MOH regulation and will incur 
additional expenses to prepare for accreditation. For WSPs who prefer government 
laboratories, this step was seen as adequate, because it is approved by MOH 
regulation. On the other hand, sending samples to an accredited laboratory can be 
seen as paradox of inefficiency (Schouten & Halim 2010). This option will incur 
laboratory cost of up to four times more. WSPs were not motivated to incur the 
additional cost as even if the results show that quality was up to standards, this will 
not influence consumer behaviour which is to boil the water before consumption. 
The bigger concern is reliability in results if non-accredited laboratories, are engaged. 
6.3.4.4. Limited information for public  
de França Doria (2010) pointed out the importance of transparency around water 
quality to influence public perceptions of drinking water quality. Our survey (Roekmi, 
Chua & Baskaran 2018b) with households in Cikarang also support this argument. 
11% respondents who neglect to drink water from tap (when WSPs delivered drinking 
water quality) agreed to drink tap water if water quality monitoring result were 
provided. Customer survey conducted at other cities in Indonesia also criticized in 
unavailability of information about PDAMs performance and their operating 
conditions (USAID). Currently, none of the WSPs in Cikarang provide their water 
quality monitoring result openly. Hence providing information about water quality 
assessment is important. Apparently, publishing WSP performance is not a preferable 
option for WSP (Schouten & Halim 2010), as it can be used against the WSP for low 
performance. This is a perception that needs to be changed gradually. In developed 
countries, water quality result is available to the public (NHMRC 2011) and usually 
129 
 
can be easily accessed from their websites. Furthermore, information about changes 
in raw water sources is also provided to anticipate household complaints about 
changes in taste and odour. Currently, without information about water quality 
monitoring result in Cikarang, based on their own perceptions, households come to 
a conclusion that water is delivered poorly.  
6.3.5. Two examples of drinking water standard delivery in Indonesia 
Attempts to provide water at drinking water quality has been conducted at a small 
scale in the Institut Teknologi Bandung (ITB) campus in Bandung, West Java, and at 
larger residential clusters in three selected PDAMs. In the case of ITB, a distribution 
system delivers water via water fountains at drinking water quality. This is a small 
system, compared to the three PDAM pilot projects mentioned above, but yet, did 
not run very well. The system was started in 2005 (Murti 2005), but had problems 
with the treatment plant in 2008 (Putri 2014), before finally running normally in 2013. 
This highlights the complexity involved in managing a centralized drinking water 
supply system even at such a small scale. 
In 2004, three areas in three PDAMs (Kota Bogor, Kota Malang and Kota Medan) were 
selected as pilot projects funded by USAID to deliver water at drinking water quality 
(USAID). However, research (Hadipuro 2010; Natalia, Mardiyono & Said 2014) show 
that customers, even some PDAM officials, do not drink water immediately without 
boiling. In 2014, Kota Bogor had extended the drinking water zones, but Ramadhiani 
(2014) show that most customers did not consume water as expected. The three 
cases are examples of the second water supply practices as described in Section 6.3.1, 
where WSPs are confident about their water quality, but customers are not willing to 
consume water directly.  
de França Doria (2010) pointed out that trust in WSP can influence public perception, 
in this case not to drink water directly from tap. Our survey (Roekmi, Chua & Baskaran 
2018b) also showed that more than half of the respondents in Cikarang were not 
willing to drink water directly from tap and most of them distrust the  quality of the 
water supplied.  
Apparently, customer distrust for these cases came from history of PDAMs unstable 
performances. Reports (BPPSPAM 2016b, 2016c) showed that performances of the 
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three PDAMs fluctuated (Table 6-3), and the performance of PDAM Sumatera Utara 
(supplying water to Kota Medan) was lower than PDAM TB. Non-revenue water 
(NRW) in the two PDAMs (except Kota Malang) were still quite significant, suggesting 
potential problems in the distribution system. Furthermore, during the time when 
the three PDAMs were delivering drinking water quality in the intended zones, they 
were also delivering non-potable water quality in other areas. With these conditions, 
it is reasonable for the customers not to have confidence in their drinking water 
quality, because the same institutions who reported to deliver drinking water quality 
to their houses also providing different water quality to other locations in the same 
cities. Hence, customers might be apprehensive if their drinking water quality is lower 
than reported. Customer trust might be regained if the PDAMs publish performance 
reports that clearly distinguish between the performance of the two different water 
zones.  
Table 66-3. Selected PDAM performances from 2013 - 2015 
 
Year 
Water quality 
(%) 
Operational 
hours 
Water pressure 
(%) 
NRW (%) 
PDAM Kota Bogor 2015 99.8 23 100 29.3 
2014 90.9 24 100 33.1 
2013 99.6 24 93.2 35.3 
PDAM Kota Malang 2015 98.5 24 62.3 12.2 
2014 108.1 24 100.9 12.8 
2013 92.3 24 95.7 35.3 
PDAM Sumatera Utara 2015 56.9 20 5.3 25.4 
2014 82.5 19 7.1 25.9 
2013 97.9 20 6.6 24.3 
PDAM TB 2015 91.7 23 41.1 27.2 
2014 88.3 21 30.4 27.8 
2013 95.1 20 0 25.6 
Source: BPPSPAM Reports. 
6.4. Discussion 
6.4.1. The need to distinguish drinking water and non-potable water standard 
Discussions above showed that currently piped water supply in Cikarang, and 
generally in Indonesia, is delivered at non-potable water quality, and this claim is 
supported by some facts. First, there is a gap between Indonesian drinking water 
requirement and WSP officer perceptions. The MOH regulation require WSP to 
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deliver drinking water standard, while WSPs refer to the non-potable, clean water 
standard. Second, current water quality monitoring procedures are not conducted as 
expected by MOH regulation. Even though one WSP reported that they follow the 
procedure, the result is not given or available to the public to be validated. Third, the 
most thorough water quality assessment showed that water quality is not up to 
standard. Four, not all monitoring results were assessed by accredited laboratory, 
lead us to question the reliability of the result. Last, no proper actions to correct 
problems in distribution system when deviation on water quality monitoring result 
was found. Furthermore, two cases presented in the previous section showed that 
when water was delivered at drinking water quality, officials faced significant 
problems to maintain the quality, and yet customers did not have enough confidence 
to drink water immediately. 
6.4.2. The implication to SDG drinking water monitoring protocol 
Currently, the SDG drinking water target (WHO & UNICEF 2018) aims to ensure 
population have access to safely managed drinking water which refers to "drinking 
water from an improved water source which is located on premises, available when 
needed, and free of faecal and priority chemical contamination". The WHO Joint 
Monitoring Program (JMP) states four criteria for a water source to fulfil the drinking 
water target: can be access within 30 minutes, located on premises, available when 
needed, and free from contamination. The first two criteria are already fulfilled by 
the WSP discussed here, so do the next two criteria. However, the fulfilment of the 
last two criteria is not because WSP can supply water for 24 hours a day and meet 
drinking water standards. It is merely because the SDG monitoring protocol was set 
lower than the target (Adams & Smiley 2018). The target will calculate population 
that have access to at least 12 hours per day or 4 days a week as having water 
available when needed, and those whose water is free from three contaminants 
(E.Coli, arsenic, or fluoride) as free from contamination. With this low monitoring 
standard, a non-potable water can be classified at the same category as potable 
water - as the safely managed drinking water. This is a bias determination, because 
drinking non-potable water (without treatment) might potentially affect human 
health, hence it does not reflect a “safely managed” water source.  
132 
 
The practice of lowering monitoring standard for practical monitoring procedure is 
like repeating the same bias of the previous MDG drinking water did. At that time, 
the MDG drinking water target aimed to calculate access to safe water source, but 
the monitoring procedure measure water access from improved water category 
which was not guarantee safe water delivery (Onda, LoBuglio & Bartram 2012). 
Therefore, if the SDGs really aims to measure the correct data of global access to safe 
drinking water, it should revise the monitoring standards for “available when 
needed” and “free from contamination”. 
6.4.3. The need for further research on non-potable water standards and water 
storage procedures 
Apparently, adding non-potable drinking water standard into domestic water supply 
standards would not be stop at this point. We need research to define the non-
potable drinking water standard requirement, where water will be safe to drink after 
treatment (e.g. boiling or filtering), and this will include reviewing Indonesian 
previous clean water standards. Moreover, rigour monitoring should be performed 
to water sources which is designed to produce drinking water standards because if 
current monitoring practices continue, WSP might still produce water at non-potable 
quality, as happened previously with some refilled bottle water (Roekmi 2017). 
Another implication of accepting non-potable water standard is the need for further 
research on water storage. Currently, households with non-potable water supply 
usually store their boiled water. This practice however, open chances of 
contamination either from surrounding environment or human contact to water 
storage (Sodha et al. 2011). Even though studies (Mintz, Reiff & Tauxe 1995; Quick et 
al. 1999)have been conducted about this topic, Sodha et al. (2011) shows that 
contamination affecting human health is still happening, thus we need further 
research about hygiene procedure to storage water. 
6.5. Conclusion 
Currently, drinking water quality standard is used globally as a measure for domestic 
water supply. However, our research shows that WSP in Indonesia tend to deliver 
water at lower standard of non-potable quality. This practice may not be improved 
in the near future because of lack of due diligence from WSPs to produce water up 
to potable standards. On the other hand, even when water is delivered at potable 
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quality, most customer are hesitant to consume water directly from tap. The reasons 
that Indonesia is not able to achieve drinking water standards are complex and 
requires a separate study; however, consumers’ distrust of WSPs is a contributing 
factor. Although improvement to WSP performance to gain customers’ trust is 
required, this will take time and a mindset change. In the meantime, to provide a 
practicable standard which reflects the current conditions, we propose a non-potable 
drinking water standard to be used to monitor water supply delivery and to be added 
as a water service ladder in the SDG drinking water monitoring procedure. This will 
bridge the gap between current standards of monitoring which is stated far lower 
than the drinking water target. Furthermore, when non-potable water quality 
standard is accepted, further research is needed to determine water storage 
procedures that ensure safe water quality of the stored water. 
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Chapter 7. The human right to water and willingness to adopt water 
demand management approaches 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This chapter has been submitted to Utilities Policy Journal in the form it is presented 
here. 
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Abstract 
This study aimed to evaluate the balance between the fulfilment of human right to 
water and response to water demand management approaches. A household survey 
was conducted on 420 households who get water from different water sources: 
Group A (from large scale piped WSPs that also run as new town and industrial estate 
developers), Group B (from small/medium scale piped WSPs) and Group C (from non-
piped water sources). The results show that human right to water was not fulfilled to 
all the population, and it was not only affecting the poor. The most affected 
population was Group C who lived in groundwater-scarce areas and was without 
piped water services. Poorer households there had to pay up to 55% of their income 
to water vendors in order to fulfil minimum water requirements. On the other hand, 
urban water demand management was not implemented optimally, especially for 
Group A, where water consumption (313 lpcpd) was significantly higher than other 
groups. 
Keywords 
Human right to water, water demand management, sustainable development goals  
7.1. Introduction 
The “Our Common Future”, a report of the World Commission on Environment and 
Development (Brundtland 1987), described some of the common challenges faced by 
global population, and pointed out drawbacks from the old development policy 
impacting the environment. The report came with a recommendation to support 
sustainable development, which is to balance development and environmental 
preservation, and proposed a common action for change. This consideration was one 
aspect considered by the United Nations when releasing the Millennium 
Development Goals (MDGs) in which every member state was committed to achieve 
during the period 2000 – 2015. 
Targets for the provision of drinking water is included in Target 7.c of the MDGs which 
is “to halve, by 2015, the proportion of the population without access to safe drinking 
water and basic sanitation”. The drinking water target was intended to ensure the 
human right of water by measuring household access to improved water sources and 
is applied mostly to developing countries. However, this target is only aimed at 
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fulfilling drinking water needs, and does not include the role of households to 
preserve the water source. In the Sustainable Development Goals or SDGs (UN 
2015b), which is an extension of the MDGs, these targets are addressed separately 
as Target 6.1 which is “by 2030, achieve universal and equitable access to safe and 
affordable drinking water for all” and Target 6.A which is “by 2030, expand 
international cooperation and capacity-building support to developing countries in 
water and sanitation-related activities and programmes, including rainwater 
harvesting, desalination, water efficiency, waste water treatment, recycling, and 
reuse technologies”.  
By 2015, access to improved drinking water sources increased from 76% in 1990 to 
91% (UNICEF & WHO 2015). Although this is a significant achievement, the problem 
is yet to be completely resolved. The bigger issue might be the remaining 844 million 
people who still live without access to basic drinking water sources (WHO & UNICEF 
2017a). For this people, their human right to water is yet to be fulfilled and this is 
currently a priority for the SDG drinking water target. In developing countries, where 
socio-economic disparities are high, settlement distributions can affect drinking 
water supply provision (Bakker 2010; Evans 2007; Tunas & Peresthu 2010). These 
studies show that populations living in slum areas are most likely to be excluded from 
access to water piped, hence, their human right to water is not fulfilled. In addition 
to the inequality in drinking water access, however; water consumption by the 
population that manage to get access to safe drinking water is often achieved in non-
sustainable ways (Bakker 2010). Indeed, experience in developed countries show that 
households can contribute to preserving water resources by implementing some 
approaches of urban water demand management by adopting approaches including 
increasing system and end-use efficiency, promoting distributed source of supply, 
substituting resource use, and improving the market on resource usage (Sharma & 
Vairavamoorthy 2009). However, the success from the adoption of these strategies 
in developed countries cannot be simply extended to developing countries, because 
of different conditions of water supply between both group of countries (Sharma & 
Vairavamoorthy 2009). There is therefore a need for management strategies for 
developing countries to be studied independently. The objective of this study was to 
evaluate the balance between provision and sustainability aspects in drinking water 
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supply for domestic use in urban areas of developing countries. The evaluation will 
be conducted by identifying the fulfilment of human right to water and 
understanding the response to water demand management approaches at 
household level. The study site chosen for this investigation is Cikarang, a city in West 
Java Province, Indonesia. 
7.2. Methodology 
7.2.1. The human right to water 
The recognition of water as a right in global level was started in 1977 in Mar del Plata 
UN Water Conference (UN 1977), but the declaration of water as a human right was 
not stated until 2002 (UN CESCR 2002). In the beginning, the background of water as 
a human right raised due to the unequal access to water supply (UN 1977), affecting 
mostly the poor (Bakker 2010; Evans 2007; Tunas & Peresthu 2010), and these 
conditions are still existing today (WHO & UNICEF 2017a). Therefore, from a 
government perspective, the implication of the declaration of the human right to 
water places national government as the primary institutions responsible for fulfilling 
the right (Meier et al. 2014) and for ensuring universal access to sufficient, safe, 
acceptable and affordable water for personal and domestic uses (UN CESCR 2002). 
Discussions about the implication of human right to water have taken place till today 
(Langford & Russell 2017; Meier et al. 2014), but in this article we will focus our 
discussion on the inequality of water provision, the fulfilment of minimum water 
requirement and the implementation of tariff affordability policy.  
Some causes of unequal access to water in urban areas include improper government 
strategy in the expansion of public water supply distribution (Bakker 2010; Bluemel 
2004), and fragmented urban development which segregates public services 
(Graham & Marvin 2002). This is true in Indonesia, where piped water is delivered to 
33% of the urban population (UNICEF & WHO 2015) and the development of new 
towns distinguish water supply between new towns and surrounding areas 
(Dieleman 2011). However, in other cases, even when piped water to premises is 
considered to be the most convenient and safe since water quality is monitored 
frequently, and is the preferred option in urban areas (Satterthwaite 2016), some do 
not choose piped water even though the service is available (Bakker 2010). Previous 
studies suggest that factors such as cost of piped water supply (McPhail 1994) and 
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preference for groundwater (Song et al. 2009) as reasons for not subscribing to piped 
water supply. In Indonesia, access to groundwater for daily needs is protected by law 
(Roekmi, Baskaran & Chua 2018) considering limited piped water supply coverage 
and abundant availability of groundwater deposit. On the other hand, groundwater 
extraction either by boreholes, wells or springs raises concerns about their safety and 
sustainability. In urban areas especially, health concerns related to consumption of 
groundwater have been raised because of the close proximity of pit latrines and 
groundwater sources (Graham & Polizzotto 2013). In terms of sustainability, 
groundwater extraction can spark the tragedy of the common, which occurs when 
most households in highly populated settlements extract groundwater from the 
same aquifer without any control (Roekmi, Baskaran & Chua 2018). Currently, 54.04% 
of Indonesian households (BPS 2017) consume water sourced from aquifers. This 
figure is high, given the health and sustainability concerns highlighted. With this 
background, therefore, there is a need to investigate how far these conditions affects 
the human right to water. 
WHO defines a minimum water requirement (Howard et al. 2003) of 20 lpcpd as a 
basic access, where human consumption and a low level of hygiene can be fulfilled. 
Gleick (1996) states a minimum of 50 lpcpd is required to support drinking, sanitation, 
bathing and food preparation activities, and this is the most widely used standard. 
Others have proposed 100 lpcpd as the standard for intermediate access to ensure 
the needs for human consumption and hygiene (Falkenmark & Widstrand 1992; 
Howard et al. 2003), or 135 lpcpd as the requirement for social and economic 
development (Chenoweth 2008). In Indonesia, the requirement is 10 m3 per 
household per month or 60 lpcpd (Ministry of Home Affair Regulation/Permendagri 
No. 23/2006). For Indonesia, these standards are to be fulfilled by municipal piped 
water supply/Perusahaan Daerah Air Minum (PDAM). However, in addition to water 
piped, bottled/refilled water also contributes significantly to household water 
consumptions (Walter, Kooy & Prabaharyaka 2017b). They are used by 31.3% 
Indonesian households for drinking (BPS 2017) and also often preferred in South East 
Asia (Francisco 2014a; Walter, Kooy & Prabaharyaka 2017b). The problem of 
including bottled/refilled water to fulfil minimum water requirements arises from 
cost since it is far more expensive than water piped (Jewell 2014; Walter, Kooy & 
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Prabaharyaka 2017b), or in the case of refilled water quality, safety concerns (Roekmi 
2017). Therefore, there is also a need to investigate the role of bottled/refilled water 
consumption in human right to water. 
There is currently no consensus on minimum standards for tariff affordability or 
methods to calculate tariff affordability (Hutton 2012; Smets 2017). For example, 
some measure tariff affordability as a percentage of household income spent on 
water (in most countries, this includes sanitation cost) which varies from 2.5% to 4% 
(Smets 2017). In Indonesia, tariff affordability is regulated for PDAM, where the tariff 
for drinking water consumption should not exceed 4% of the labour wage 
(Permendagri No. 23/2006). Both Indonesian minimum water requirement and tariff 
affordability standards are used in this article as a benchmark. We will also compare 
water expenses against the poverty line, in addition to median income or labour wage 
(Smets 2017).  
7.2.2. Water demand management for developing countries 
Conventional urban water provision has typically been fulfilled with supply-side 
approach which usually includes building large infrastructures such as dams, canals 
and centralized water supply systems. Later, these approaches were criticized 
because they were too complex and expensive, and posed social and ecological harm 
to the environment (Crow-Miller, Webber & Molle 2017; Marlow et al. 2013; Novotny 
2008). These backgrounds lead to determination of SUWM approach that considers 
water cycle management, optimising local sources, and enhancing resource 
efficiency (Marlow et al. 2013). In contrast to the supply-side approach, SUWM is 
mostly related to water demand management which can be implemented at the 
distribution system, such as increasing system efficiency; or at household levels, such 
as increasing end use efficiency and promoting distributed sources of supply (Sharma 
& Vairavamoorthy 2009). 
Since research and implementation of water demand management were largely 
conducted in developed countries, it is argued (Marlow et al. 2013; Sharma & 
Vairavamoorthy 2009) that not every water demand management approach that has 
been successfully implemented in developed countries will be similarly successful in 
a developing country, especially approaches applied at household levels. For 
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example, in developed countries, centralized water supply network is well 
established throughout cities and water use efficiency well campaigned. Hence, 
efficiency at household levels have been successfully implemented and can reduce 
residential water consumption (Chanan & Woods 2006; Melbourne Water 2017). On 
the contrary, water supply in developing countries is delivered fragmentally and 
intermittently (Bakker 2010; Danilenko et al. 2014; Graham & Marvin 2002; Lee & 
Schwab 2005) such that efficiency at the household level cannot be implemented 
optimally (Sharma & Vairavamoorthy 2009). This is true in Indonesia (Bakker 2010; 
BPPSPAM 2016c), hence the use of water-efficient devices might not be visible 
(Sharma & Vairavamoorthy 2009). Besides issues in distribution systems, common 
water saving devices which are extensively used in developed countries (e.g. 
showers, flushing toilet, dishwasher and washing machine) are not commonly used 
by Indonesian households, except in modern homes. Therefore, even though there is 
an intention to improve water efficiency (e.g. President Instruction No.13/2011 on 
Energy and Water Saving and Ministry of Energy and Mineral Resources Regulation 
No.15/2012 on Water Savings), the use of water-efficient devices was not yet 
common, and still behind the implementation of energy efficiency devices (Batih & 
Sorapipatana 2016; Wijaya & Tezuka 2013). 
Another implementation of urban water demand management is distributed source 
of supply, such as rainwater harvesting (RWH), which is promoted largely in 
developed countries and proven to reduce dependency on main water sources 
(Sharma & Vairavamoorthy 2009). This is promoted as a good water supply 
alternative because it supports total water cycle management, can be harvested at 
household level, and with proper harvesting method can be a reliable safe drinking 
water source (Chanan & Woods 2006; Islam et al. 2010; Roekmi, Chua & Baskaran 
2018a). As rainfall is abundant in the tropics, RWH is a viable option for households 
that do not have access to improved water source. RWH is not uniformly practised in 
Indonesia. In provinces like West Kalimantan, it is adopted by 40.72% households as 
their primary drinking water source (BPS 2017), however; at a national scale, it is used 
by only 2.4% of the population. This indicates that RWH can potentially be a good 
water supply alternative for other provinces. These factors lead to an assumption 
that the use of water-efficient devices may not be suitable for most Indonesian 
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households. However, promoting system efficiency and distributed source of supply 
(RWH) can be an option. Therefore, the study investigated the implementation of 
system efficiency and household’s preference on the water sources alternatives. 
7.2.3. Study area 
Cikarang is a city to the east of Jakarta, a place where industries and new towns 
developed in the late 80s (Firman 2004). It is now considered as the biggest 
agglomeration of industrial estates in Indonesia (Hudalah 2017), and home to almost 
one million population (Bappeda Kabupaten Bekasi & BPS Kabupaten Bekasi 2016). 
Cikarang is among a few cities in Indonesia where water supply is delivered by several 
piped water service providers (WSPs). This includes PDAM TB, which is government-
owned, ten private companies (PCB, PLC, PKD, WEC, BJA, GCC, PCP, YEN, PAS and 
HAS) and several community-based water supply (CBWS) institutions. Among the 
private companies, three companies (PCB, PLC and PKD) are owned by developers, 
and are socio-economically segregated from other settlements (Dieleman 2011; 
Firman 2004; Winarso, Hudalah & Firman 2015). These WSPs are better resourced 
(Roekmi, Chua & Baskaran 2018b) and operate larger scale treatment plants 
compared to other piped WSP in Cikarang. From an initial survey, it was found that 
among 417 community groups or Rukun Warga (RW) in Cikarang, households in 218 
RWs obtained water from piped water supply that were managed by PDAM TB, ten 
privately owned WSPs or several CBWS institutions. One hundred and ninety seven 
RWs utilised groundwater and two RWs utilised rainwater or paid for water provided 
by vendors. 
7.2.4. Household surveys 
Since households in Cikarang obtain their water from three main water sources: 
piped water supply, groundwater, or rainwater and water vendors, samples for the 
surveys were intended to be selected randomly based on their water sources. 
However, piped water supply was distributed by several WSPs (PDAM TB, 10 privately 
owned WSPs and several CBWS institutions) that were managed separately, leading 
to an assumption that each WSP had different service deliveries. Therefore, we 
treated each WSP as different water sources and separated RWs with piped water 
supply into different stratification based on the WSPs.  
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Households in selected RWs were randomly picked for the survey, and RWs were 
selected based on the water source. For WSP customers, one or two RWs were 
randomly chosen proportionally to the total number of household connections in 
each WSP. Finally, eighteen RWs served by piped WSPs (findings were reported in 
(Roekmi, Chua & Baskaran 2018b)), two RWs that mainly used groundwater, and one 
RW that mainly used harvested rainwater were chosen for the survey. For piped 
WSPs, two RWs served by PDAM TB, PCB, PLC, PKD, and WEC, one RW served by BJA, 
GCC, PCP, YEN, PAS, HAS, CBWS PT1 and CBWS PSS were chosen. For each RW 
selected, 20 households were surveyed, resulting in a total of 420 respondents. At 
the end of the survey, we found that in two sampled RWs, groundwater, rainwater 
and water vendor were mixed used, and number of respondents from non-piped 
water users become: 36 groundwater users, 22 water vendor consumers and 2 
rainwater users. 
Previous research (Roekmi, Chua & Baskaran 2018b) showed that performance of 
large scale piped WSPs, who supply water piped to new towns, differed significantly 
with the other WSPs. Moreover, others (Dieleman 2011; Firman 2004; Winarso, 
Hudalah & Firman 2015) have showed that new towns differed socio economically 
with surrounding settlements. As we need to investigate inequality in water 
provision, and delineate respondents based on their water sources, therefore, 
respondents were categorized into three groups: Group A is for large scale piped 
WSPs, Group B is for small/medium piped WSP and Group C is for non-piped water 
users (Table 7-1). 
Table 7-1. Number of samples and water users grouping. 
Groups Primary water source Name of WSP 
Number of 
households sampled 
Group A Large piped WSP PCB, PLC, PKD 120 
Group B Small/medium piped WSP  PDAM TB, WEC, BJA, GCC, PCP, 
YEN, PAS, HAS, CBWS PT1, CBWS 
PSS 
240 
Group C Non-piped water users 
(groundwater, water vendors 
and rainwater) 
 60 
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Household surveys were conducted from 27 August 2016 to 17 September 2016 by 
asking list of questions to members (aged of 18 years or older) of households 
sampled. During surveys, three interviewers approached the same RW but surveyed 
different households. Participation in the survey was voluntary, and in total 47 
households declined participation. A household’s monthly water consumption and 
expenses were gathered from water bills, for piped water users, and in the case of 
non-piped water users, from the respondent’s estimate. Water consumption 
estimates were reported either in litres, number of 20 litres pails/jerrycans, or 
number of 1000-litres water tank (the last two are usually used by water vendors). 
The estimates for groundwater and rainwater consumption are more uncertain 
compared to piped water, however it is considered to be the best information 
available, for non-piped water consumers. 
Expenses for users of groundwater were planned to be estimated from the power 
consumed during pump operation. However, the respondents were either unable or 
neglected to calculate this value, so household water bills for groundwater users are 
not available. Data on household incomes, which is predicted by household’s monthly 
expenditure, is needed to measure percentage of household income spent on water. 
However, 62 respondents did not reveal their expenditure patterns, and a further 
two respondents could not provide their water consumption data. 
Household’s preferences for piped water (for non-piped water users) and rainwater 
(for all respondents), as alternative water sources were surveyed. Non-piped water 
users were asked about their willingness to subscribe to piped water services 
provided by PDAM TB, since PDAM TB has the greatest capacity to supply water to 
most of Cikarang. Specifically, households were asked whether they were willing to 
subscribe to PDAM TB’s subscription fee and monthly tariff. If they answered yes, an 
additional question was asked whether they were willing to pay a higher fee for 
customers who were outside PDAM TB coverage. For RWH, respondents were asked 
if they were willing to bear the cost (IDR 5,000,000 ≈ USD 3854) of building a 1 m3 
RWH system at their homes (Roekmi, Chua & Baskaran 2018a), and were also shown 
pictures of a typical rainwater storage tank installed in Cikarang. 
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Data on respondents’ water consumption patterns, expenses, and willingness to 
adopt to RWH system was analysed for the three water user groups (Table 7-1). One-
way analysis of variance (ANOVA) was used to find statistical differences of 
consumption rates and expenses across the three groups. Attempts at normalizing 
the data were unsuccessful, however, ANOVA was still adopted as it has been shown 
to be robust even though normality is not satisfied (Norman 2010; Schmider et al. 
2010). Post hoc tests were conducted to identify differences between groups, and 
the Games-Howell test was used because the three groups were unequal in size and 
variance. These analyses were carried out in SPSS (IBM Corp 2016) at the 95% 
confidence interval. 
7.3. Results and discussion 
7.3.1. The human right to water 
7.3.1.1. Inequality of water provision  
Bakker (2010) and Evans (2007) point out that inequality in water provision results in 
the poor being excluded from access to piped water services. This led us to 
investigate whether there is a relation between water provision and household 
income. The one-way ANOVA test showed that households total monthly expenses, 
as the predictor of household income, differed significantly among the three groups 
with F (2,355) = 34.3 and p = 0.0. The Games-Howell test showed that Group A 
monthly expenses differs significantly and is higher than Group B and Group C, while 
monthly expenses are not statistically different between Group B and Group C. This 
indicates that among the respondent groups, Group A is financially better than 
respondents from other groups. The results are hardly surprising and are supported 
by results from previous studies (Dieleman 2011; Firman 2004; Winarso, Hudalah & 
Firman 2015) that identified socio-economic segregation between new towns (group 
A) and surrounding settlements. However, respondents without access to piped 
water services (Group C) were not financially worse off than respondents who had 
access to piped water from small/medium piped WSP (Group B). This shows that 
other than those who live in new towns (Group A), settlements in Cikarang are not 
segregated by household incomes. 
Further investigation to piped WSP coverage showed that similar to practices in other 
developing countries (Graham & Marvin 2002), piped water provision in Cikarang is 
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delivered fragmentally and the services tended to cluster in certain areas. Most 
private WSPs supplying piped water catered to newer housing estates only, financed 
by investments from land developers. A possible reason why piped WSP tended to 
provide water piped to modern housing estates is that households in these areas 
have a capacity to pay, given their ability to obtain bank loans to purchase a home. 
These observations lead to the conclusion that inequality in water provision exists in 
Cikarang. Piped water provision was targeting households with more stable financial 
background, creating unequal access to piped water services. However, since 
settlement distributions in Cikarang (except new towns) were not segregated by 
household incomes, households that are financially challenged were not the only 
ones excluded from piped water supply services, but also medium income 
households who live outside modern housing estates (kampongs). 
Most households in traditional settlements (kampongs) did not get access to piped 
water supply services, and this finding is similar to results of Tunas and Peresthu 
(2010) that kampongs usually lack infrastructure. Instead, most kampongs rely on 
groundwater pumping, and a few rely on vendors and RWH. There are however 
kampongs that are served by piped water services. These are serviced by PDAM TB, 
CBWS institutions, PCB (sells bulk water to CBWS as a corporate social responsibility), 
HAS (supplies kampongs on the main road), and YEN (supplies in very low capacity of 
2.5 – 5 l/s). Therefore, if kampongs have access to piped water, these would be older 
and are generally located along the main road and served by HAS, or they were 
serviced by PDAM TB or small size WSPs.  
On the other hand, when governments have a willingness to expand piped water 
supplies to unserved areas, this plan can be challenged by households who refuse to 
subscribe to these services. Among respondent who do not get piped water access 
(Group C), most respondents (52%) were unwilling to subscribe to PDAM TB, even if 
the services were available; these were mainly households consuming groundwater 
(Figure 8-1(a)), stating their satisfaction with groundwater as the main reason not to 
consider the service offered by PDAM TB (Figure 8-1 (b)). Ohers refer to cost since 
groundwater is free, except for the cost of extraction. 
149 
 
 
 (a) (b) 
Figure 7-1 (a) Willingness to subscribe to PDAM TB service, (b) Reason for being 
unwilling to subscribe to PDAM TB service 
 
Kruskal Wallis test (χ2(2) = 35.7, p = 0.0) shows that willingness to subscribe to PDAM 
TB service varies significantly depending on RW. All respondents in one RW were not 
willing to subscribe to PDAM TB, but most respondents in two RWs were willing to 
subscribe to PDAM TB, if the service was made available. Among the respondents 
who were willing to subscribe to PDAM TB, 92.6% were willing to pay substantially 
higher (three times the normal rate) connection charges since these areas are 
currently outside the coverage of PDAM TB. This willingness to pay is ascribed to the 
poorer conditions of groundwater in their location. 
Hydrological studies (Darul et al. 2017; Dirks, Rismianto & De Wit 1989) have 
identified the existence of limited groundwater deposits in Cikarang. Despite this 
condition, piped water supply expansion was not prioritized into these zones. It 
resulted in some settlements in Cikarang, for examples in kampung Cimahi (Roekmi, 
Chua & Baskaran 2018a) and some modern housing estates which are currently 
supplied by WEC, depended on water vendors before piped water service become 
available. While limited infrastructure support in kampongs was recognized (Tunas & 
Peresthu 2010), unavailable piped water supply in modern housing estates might be 
occurred as a result of weakness in government policy. The Ministry of Public Housing 
Regulation/Permenpera No. 34/2006 stated that "Water supply service in a housing 
estate can be delivered by PDAM or private WSP, or by individual/communal by 
utilizing dig or bore hole following technical guidelines". This regulation made small 
or medium scale housing developers are accustomed to provide hand pump for 
house buyer. This action was taken due to common assumption that shallow 
groundwater deposit is abundance (Arsyad & Rustiadi 2008), but that is not the case 
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for some areas in Cikarang. Consequently, municipal government should consider a 
policy to make it mandatory to housing developers to provide piped water supply to 
low groundwater deposit locations, which is not available currently, and compel 
PDAM TB to prioritize piped water supply expansion to kampongs with low 
groundwater deposits. 
7.3.1.2. The fulfilment of minimum water requirement 
The Indonesian government set water consumption 10 m3 per month or 60 lpcpd as 
minimum water requirement standard. It is used as a benchmark to set PDAM 
subsidized tariff, and usually used as a block to set progressive tariff, so the tariff after 
10 m3 water consumption would usually increase. Therefore, we assumed that their 
human right is not yet fulfilled if a household consumes less than 10 m3 per month. 
The average monthly water consumption rate per household found from this study 
was 25.5 m3 (Standard Deviation, SD = 17.3). Approximately 13.6% of respondents 
consumed less than 10 m3 of water per month, meaning that their human rights are 
not fulfilled. Of this 13.6%, the biggest proportion are water vendor users where 19 
out of 22 such users are among those who consume less than 10 m3 per month. This 
finding is consistent with other research (Evans 2007) where household without 
proper access to drinking water supply facilities tend to consume less. Specifically, 
these households live in the groundwater limited area as discussed in previous 
section. 
Since WSP performances in Cikarang were different, we needed to investigate the 
impacts of these differences to household water consumptions. One-way ANOVA 
results shows that monthly water consumption differed significantly among the 
groups (F (2,415) = 93.0, p = 0,0). A post hoc test was carried out since the one-way 
ANOVA does not provide reason for differences between groups. The Games-Howell 
test result shows water consumption of Group A to be significantly different from 
Group B and Group C, so as water consumption of Group B and Group C. Group A has 
the highest consumption rate and Group C the lowest. This result shows that 
households who live in new town (Group A), and are served by large WSP, tend to 
consume more than households in other settlements which were supplied by 
small/medium WSPs, and even far more than households who do not get water piped 
access. The reason might be a result of combination of relatively higher household 
151 
 
incomes in Group A, and better water services of Group A WSPs (Roekmi, Chua & 
Baskaran 2018b). Moreover, our survey showed that these WSPs also offer lower per 
m3 tariffs (USD 0.15 - USD 0.35 per m3 for the first 10 m3), compared to other piped 
WSPs (USD 0.19 - USD 0.54 per m3 for the first 10 m3). This is consistent with a study 
of Bakker (2010) where rich households could increase their water consumption for 
e.g. by building swimming pools when water service is good and the price is relatively 
low. 
Apparently, high water consumption is not by rich households only. When monthly 
household water consumption was delineated according to WSPs, we found that 
monthly water consumption of respondents of CBWS Pasirsari (Mean = 34.5 m3, SD 
= 21.7) was quite high, similar to consumption of Group A (Mean = 38.1 m3, SD = 
20.7). The reason for high consumption might come from combination of low tariff 
(USD 0.23 per m3 for the first 10 m3) and in-home business. CBWS Pasirsari is located 
by the side of a main road, close by the Cikarang exit toll. As a result, many 
households operate small businesses from their homes providing food and laundry 
services. However, some in-home business such as laundry or car/motorcycle 
washing can consume a large amount of groundwater. Unlike industries that require 
a permit to extract groundwater, this is not a requirement for in-home businesses 
because they were seen as regular households. Although there is currently limited 
monitoring of groundwater withdrawal rates for industrial use, monitoring for in-
home business would be a big challenge considering the numbers. However, careful 
monitoring of withdrawal rates is essential, for the preservation of limited 
groundwater resources. 
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Figure 7-2. Water tariff per 10 m3 consumption 
7.3.1.3. Tariff affordability for minimum water requirement 
Most WSPs supplying piped water in Cikarang classify their domestic consumers into 
groups and apply block tariff to each group, at progressive rates for each 10 m3 
increment. The tariff for the first 10 m3 is controlled to provide cross subsidies to 
poorer households and is thus affordable for all consumers, and the tariff for the 
second 10 m3 consumption is set to limit water consumptions. In 2015, the 
benchmark for tariff affordability in Cikarang (the 4% of labour wage/West Java 
Governor Decree No. 561/Kep.1581-Bangsos/2014) was IDR 113,600 (approximately 
USD 8.74). Figure 7-2 shows tariff for the first 10 m3 (including subscription fee if 
applicable) for WSPs supplying piped water, and indicates that tariffs are affordable 
(less than USD 8.74). Thus, even though the regulation (Permendagri No. 23/2006) 
were intended for PDAMs, it is obvious that WSPs supplying piped water in Cikarang 
follow government guidelines on tariff affordability. 
In addition to pegging tariff rates to the provincial income level for labourers, Smets 
(2017) argued the need to compare water expenses against the income level of 
poorer households, with household incomes of IDR 1,273,188 (USD 97.94) per 
month7. Excluding Group A and households with high occupancy, our investigation 
                                                     
7 BPS RI (2017a) stated IDR 318,297 per capita per month as West Java poverty line for urban residents 
in 2015. With average number of four persons per household in Cikarang (Bappeda Kabupaten Bekasi 
2016), we calculated the poverty line in 2015 per household was IDR 1,273,188. 
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showed that poorer households located in areas served by PAS, BJA, or WEC spent 
more than 4% of their income to meet minimum water requirements. They spent 
about 5.4% – 6.3% of their monthly expenses to fulfil their human right to water. 
These percentages are similar to that for Chile and some Eastern Europe countries 
spent (Smets 2017). However, Smets (2017) also pointed out that all these tariff 
arrangements would not affect households outside piped water services. For them, 
informal water sources (e.g. water vendors, tankers, and intermediate connections) 
are safer, compared to fetching water from ponds or rivers, which applies similarly to 
Indonesia (Bakker 2010; Kooy 2014). In Cikarang, households who rely on water 
vendors spend 25% of their incomes, while poorer households spent 55% of their 
incomes to fulfil minimum water requirements. These percentages are so high that 
households who rely on water vendors tend to limit their water consumption. In our 
survey, these households on average spent 5.61 m3 (SD = 3.3) per month. Households 
low water consumptions could result in them substituting water from less safe 
sources, or adopting less hygienic practices (Fan et al. 2014; Howard et al. 2003). This 
is true in Cikarang, where affected households fetched water from ponds and 
decreased bathing frequency (and the amount of water used) to reduce reliance on 
water from vendors. 
Table 7-2. Percentage of household spending for drinking water  
 
Source of drinking water 
Refilled water 
(IDR 5,000/USD 0.38 per 19-litre 
container) 
Bottled water 
(IDR 5,000/USD 1.15 per 19-litre 
container) 
2 lpcpd 5 lpcpd 2 lpcpd 5 lpcpd 
Minimum wage 2.25% 5.63% 6.76% 16.90% 
Poverty line 5.02% 12.57% 15.07% 37.73% 
 
The Indonesian policy described above was designed to ensure tariff affordability 
from water distributed by piped water suppliers. On the other hand, unreliable piped 
water supply in Indonesia results in bottled/refilled water as alternate drinking water 
sources (Walter, Kooy & Prabaharyaka 2017b). The cost of purchasing bottled/refilled 
water however has not been taken into account as a measure of affordability. (Gleick 
1996) states a person needs at least 2 lpcpd water for drinking, although 5 lpcpd is 
recommended. With the mode prices of bottled/refilled water as shown in Table 8-
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2, a median household in Cikarang needs to spend about 2.2% - 5.63%, of their 
income on refilled water, while a poorer household spends more than twice this 
amount. In our survey, bottled/refilled water expenses contribute to about half of a 
household’s monthly total water expenses for piped water consumers (Roekmi, Chua 
& Baskaran 2018b) and 16% for water vendor consumers. Despite their prices, 
bottled/refilled water (used by 91.4% respondents) are preferable than boiling water 
(used by 6.4% respondents). This is apparently supported by the fact that the price 
of refilled water may be cheaper than boiled water; a study by Walter et al. (2017) 
states that “19 litres of boiled water cost a household IDR 8,000 (USD 0.60) in fuel 
(March 2017 prices), in addition to the price for the untreated water itself, whereas 
19 litres of refill water are available for IDR 5,000 (USD 0.37)”. Moreover, bottled 
water (used by 50.2% respondents) is preferred to refilled water (used by 41.2% 
respondents) because the quality is more reliable (Roekmi 2017). With current 
bottled/refilled water consumption habits, households spend up to 40% of their 
income on water, which cannot be considered as affordable. 
7.3.2. Water demand management 
Raw water supply for Cikarang area is drawn from the West Tarum Canal. Problems 
with lowering of embankments and sediments (Sumiarsih, Legono & Kodoatie 2015) 
have adversely affected its ability to supply raw water at adequate quality or quantity 
(Schouten & Halim 2010). This is supported by feedback from WSP officials, who note 
diminishing raw water quality, unavailability of raw water particularly during the dry 
season, and their inability to obtain permit to increase raw water supply. Moreover, 
Karawang-Bekasi aquifer, the water source for most CBWS institutions and industrial 
companies, is also of concern (Roekmi, Baskaran & Chua 2018). All these factors 
indicate that the supply side approach alone would not be feasible to fulfil Cikarang 
water needs, hence necessitating the need to adopt water demand management. 
7.3.2.1. Reducing water loss 
Increasing system efficiency by reducing water loss is one approach of water demand 
management in a distribution system (Sharma & Vairavamoorthy 2009). Water loss 
or non-revenue water (NRW) which is measured as a gap between total water 
supplied and the amount billed to consumers, is a significant problems in developing 
countries (Kingdom, Liemberger & Marin 2006). In 2016, Indonesian PDAMs reported 
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an average of 32.10% NRW (BPPSPAM 2016a), which was higher than the 20% 
standard, but lower than the average for developing countries which was 35% 
(Kingdom, Liemberger & Marin 2006). Currently, NRW data from WSPs in Cikarang 
other than PDAM TB is not known, thus the discussion is limited to PDAM TB. The 
NRW of PDAM TB from 2011 to 2015 are 34.6%, 34.1%, 25.6%, 27.8% and 27.2%, 
respectively (BPPSPAM 2013, 2016c). While reasons of NRW such as leakages in 
distribution systems and metering problems are known, other non-technical issues 
such as improper water utilities management can also be barriers in reducing water 
loss (Kingdom, Liemberger & Marin 2006), for example, proper maintenance of water 
meters were not be prioritized. From 2011 to 2015, an average of 12.8% of PDAM TB 
customers only had their meters replaced. Moreover, water pilferage may also result 
from poor management, such as not disconnecting a service from the main supply 
when bills are not paid. These observations imply that reducing water loss may not 
be an urgent issue for PDAM TB. Currently, there is no incentive to PDAM TB to 
improve on NRW (Roekmi, Chua & Baskaran 2018b) as even if PDAM TB were to 
improve NRW to 25% or less, its status which is already classified as "good" cannot 
be improved further. Similarly, replacing costumer new water meter would increase 
expenditure, which is not appealing for public water utilities (Schouten & Halim 
2010).  
7.3.4.2. Managing cost of water 
Another way to improve system efficiency is by managing the cost of water. The 
objective is to set a progressive system of block rate pricing which can cover 
operational costs, and at the same time ensure cross subsidy between groups of 
customers and maintaining sustainable water consumption (Rietveld, Rouwendal & 
Zwart 2000; Smets 2017; Zetland & Gasson 2013). Most WSPs in Cikarang already 
differentiate their residential customers into several groups based on incomes and 
sets progressive tariffs for groups of customers, except for CBWS PT1. Tariffs are 
usually set in blocks of 10 m3 consumption, except for WSP PKD where tariffs increase 
in 20 m3 blocks. Such a progressive tariff structure should be able to manage demand. 
However, issues may arise from the rates. As discussed in section 7.3.1.2, tariffs in 
Group A were not set at an ideal level to encourage sustainable consumption. 
7.3.4.3. Promoting distributed sources of supply 
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Previous research (Roekmi, Chua & Baskaran 2018a) showed RWH to be a reliable 
alternative water source for the whole year in Cikarang, as long as households 
managed their consumption. We asked respondents for their opinions about their 
willingness to install RWH systems at their homes. As information on the robustness 
of the RWH system was not available at that time, most respondents (94.3%) were 
not in favour. 35.5% said the system was too expensive and 33.3% said they were 
satisfied with the current water source. A few (3.8%) respondents said they had 
limited space or already had rainwater collection (1.7%) systems and 21.7% did not 
provide any reasons. The respondents' unwillingness to install RWH system was 
similar to those found in developed countries (Rahman, Keane & Imteaz 2012). In 
that case, to increase the use of RWH at household level, the local government 
offered rebates for households to adopt RWH (Gato-Trinidad & Gan 2014). In 
Indonesia, studies (Roekmi, Chua & Baskaran 2018a; Song et al. 2009) have shown 
that RWH can be a viable alternative, but scholars (de França Doria 2010; Song et al. 
2009) pointed out the needs to publicize information about RWH benefits to promote 
its use, and there is also a need for government intervention to provide funding 
schemes (Roekmi, Chua & Baskaran 2018a). 
7.3.4.4. Promoting utilization of water-efficient devices 
Statistical test in section 7.3.1.2 showed that consumption by Group A is significantly 
higher than Group B and Group C. The reasons might possibly come from the per m3 
tariff of WSPs serving Group A, which is much lower than other piped WSPs (except 
CBWS) and water vendors. At the same time, Group A consists of three new towns as 
described in Firman (2004) and Dieleman (2011) as an exclusive residential area for 
upper middle and high income families. Their water consumption behaviour, for 
example use of washing machines, dish washer, etc, might be similar to households 
in developed countries. Hence, a combination of high usage rates and lower tariff 
might be the cause of higher consumption rates. 
Even though Group A water consumption rates (313 lpcpd) might be similar to 
developed countries, in Indonesia, the use of water-efficient devices is not common 
as in, for example Australia. In Melbourne, Australia for example, its average 
household consumption was 247 lpcpd in 2000 - 2001 (Melbourne Water 2017), but 
this decreased consistently every year in response to strict policies to reduce water 
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consumption, a result of droughts in early 2000. This is not the case in Cikarang. Even 
though there has been concerns about decreasing quantity and quality of raw water 
supplied from West Tarum Canal (Sumiarsih, Legono & Kodoatie 2015), the primary 
raw water source, there has been little (if not at all) effort to reduce household water 
consumption. Sharma and Vairavamoorthy (2009) suggested that promoting the use 
of water efficient appliances in developing countries is not urgent because of the 
water supply distribution was delivered intermittently, this is not the case for Group 
A consumers in Cikarang. On the contrary, promoting efficient water use is a 
necessity, because even though consumers in Group A are able to pay their water 
bills, they consume water from the same raw water source as other consumers. 
Hence their contribution to reduce water consumption could reducing consumption 
of raw water from West Tarum Canal. 
7.4. Conclusion 
Our study showed that the human right to water in Cikarang was not fully 
implemented and that a fraction of population could not fulfil their minimum water 
requirement or could not afford the price of water. Household water expenses were 
also increased as a result of dependencies on bottled or refilled water. Inequality of 
water provision existed, and WSPs tended to cherry pick their coverage. 
Most WSPs were only supplying modern housing estates whose residents had more 
stable financial conditions, proven by their ability to get bank credit. This inequality 
also affected residents who lived in groundwater-scarce settlements without piped 
water supply. Poorer households in these areas needed to spend up to 55% of their 
income to fulfil minimum water requirement sourced from water vendors. However, 
they preferred to fulfil their water needs by decreasing water consumption or 
substituting with water from less safe sources. 
Despite degradation of raw water sources and inequality of water provision, water 
demand management, except managing the cost of water, was not optimally 
implemented. Reducing water loss at the distribution system was not achieved. 
Moreover, utilization of RWH systems and water efficient devices which could be 
implemented at household level is still unpopular. There is a need for government 
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intervention to campaign and support the utilization of both alternatives at 
household levels, as is conducted in other countries.   
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Abstract  
Rainwater harvesting (RWH) can be considered as a water source especially for 
remote areas in Indonesia as the country is in the tropics, and has abundant rainfall. 
This research was aimed at identifying the ability of RWH as a reliable water supply 
at the domestic level using building cost, water consumption rates and quality as 
indicators. We built two individual and one communal RWH systems in Cikarang and 
studied the building costs, monthly water consumption and water quality for the 
period November 2015 – August 2016. The results show that on average, the cost of 
building an RWH system was approximately IDR 5 million (USD 362) for an individual 
system and IDR 29 million (USD 2,100) for a communal system. With a 1,050-litre 
water tank, an individual RWH system could not fulfil an individual household’s 
minimum water requirement, and households must top up water for at least 6 
months when rainfall is less plentiful. With 10,200-litre water tank, a communal RWH 
system should be able to meet minimum water requirements, because it was able to 
collect about 236 m3 water in a year, which is close to the 50 litre/person/day 
requirement for water consumption as a basic human right. The quality of harvested 
rainwater did not conform to drinking water standards, especially for total coliforms. 
However, the appearance of the water was clear and taste was adequate such that 
some households consumed the harvested water after boiling. 
Keyword  
Rainwater harvesting, consumption rate, water quality  
8.1. Introduction  
When reviewing the milestones to achieve the Millennium Development Goals 
(MDGs) water target, it is obvious that most efforts to enhance safe drinking water 
coverage is via the expansion of centralized water supply system. This is evidenced 
by the fact that 75% of the world population gain access to improved water source 
(during the MDGs period) through the provision of piped water on premises (UNICEF 
& WHO 2015). This is understandable because pipe water is considered as the most 
convenient water source. However, for developing countries, which are the targeted 
countries of MDGs, expanding piped water supply places financial pressure due to 
budget constraints (Grey & Sadoff 2007).  
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On the other hand, the idea of expanding centralized pipe water supply is being 
challenged in developed countries, where centralized pipe water supply is extensively 
implemented. Research has shown that implementing the ‘conventional’ centralized 
water supply approach is costly, complex and resource intensive, and tends to neglect 
the function of natural resources (Marlow et al. 2013) and results in cost to the 
environment (Keath & Brown 2009). As alternatives, various proposals for a more 
SUWM approach, that place larger value on local resources (Biggs et al. 2008), and 
optimizes the urban water cycle (Chanan & Woods 2006; van der Sterren, Rahman & 
Dennis 2012), have been suggested, one of which is rainwater harvesting (Marlow et 
al. 2013).  
Rainwater harvesting (RWH), as an alternative water source is attractive especially in 
tropical countries. It is a natural resource, part of water cycle and easily collected. 
Historically, rainwater has been proven to be a reliable water source, even in an arid 
region (Mishra 2009; Sazakli, Alexopoulos & Leotsinidis 2007). In Australia, it is 
becoming a common practice (Pigram 2007; van der Sterren, Rahman & Dennis 2012) 
and is used as a water source by 12% - 45% of households across Australia (Australian 
Bureau of Statistics 2013). In certain parts of Spain, it is also preferred due to water 
hardness in tap water (Morales-Pinzon et al. 2014).  
Rainwater harvesting is ideal for countries with abundant rainfall like Indonesia (Elson 
2012; Juliana et al. 2017; Song et al. 2009) especially for rural areas where provision 
of water supply infrastructure is prohibitive. However, despite having an annual 
rainfall of about 2,000 - 3,500 mm in most of the country (Nugroho 2009), utilization 
of RWH as drinking water source is still limited in Indonesia. Data from Statistics 
Indonesia/Badan Pusat Statistik (2017)showed that RWH were only used as drinking 
water source by 2.4% Indonesian households, and is most commonly practiced in 
West Kalimantan where 40.7% of households tap into this resource.  
In spite to the abundance of rainfall, there are barriers to the implementation of RWH 
at the domestic level, and three common ones are described here. Firstly, Indonesian 
climate is characterised by two seasons, rainy and dry seasons, and leads many to 
believe that it is infeasible since supply is curtailed the dry season. Secondly, many 
believe that rainwater quality is poorer compared to other water sources (Song et al. 
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2009). Lastly, many people believe that installing RWH systems is expensive and is 
therefore unaffordable (Juliana et al. 2017).  
This research aims to identify the sustainability of RWH system for rural areas in 
Indonesia based on three indicators above. To evaluate those indicators, two 
individual RWH systems and one communal RWH system were installed in Cikarang, 
Indonesia. The location was chosen because of the absence of piped water supply 
and limited groundwater deposits that are shallow enough to be extracted cheaply. 
These factors alone warrant an investigation into the feasibility of RWH system for 
Cikarang.  
8.2. Methodology  
Initial surveys in Cikarang identifying primary water sources showed that half of 
Rukun Warga (RW)/community group in Cikarang were supplied by piped water, but 
only 30% use the service. Other RWs rely on groundwater, and two RWs, located in 
Kampung Cimahi Desa Pasirranji, obtain their water from both rainwater collection 
and private vendors. Households in Kampung Cimahi rely on rainwater and water 
vendors because they do not have access to piped water services and also cannot rely 
on groundwater, due to the geological characteristics of Bekasi resulting in limited 
shallow groundwater deposits (Darul et al. 2017; Dirks, Rismianto & De Wit 1989). 
Other surveys conducted at three locations in Kampung Cimahi showed groundwater 
was restricted to confined aquifers about at about 100m in depth, which would be 
too expensive to extract. 
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Figure 8-1. Rainwater collection system in Kampung Cimahi 
 
Some households in Kampung Cimahi already collect rainwater using makeshift 
collection systems, as shown in Figure 8-1. Rainwater is usually collected 1000-litre 
containers, which were formerly used for other purposes, and are cleaned and 
recycled. Rainwater from rooftops is channelled into the containers, which are 
elevated, and the collected runoff accessed using a tap at the bottom of the 
container. This simple device shows anecdotally that a 1000-litre water tank could 
potentially provide the water supply for a household, but information on cost, 
reliability and the quality of the collected rainwater are unknown factors. In addition, 
research (Gurung, Sharma & Umapathi 2012) suggest the benefits of a communal 
RWH system compared to individual RWH system. Therefore, we installed two 
individual and one communal RWH systems in Kampung Cimahi in November 2015, 
to study installation cost, water consumption and water quality.  
8.2.1. Installation cost  
Juliana et al. (2017) argued that there was a common belief that installing a RWH 
system was costly. However, as evidenced by practices in Kampung Cimahi, cost is 
not necessarily a prohibiting factor. In our study therefore, we will quantify the cost 
to install a standard RWH system in Cikarang and gather perception from other 
households about their willingness to install the similar RWH system for the given 
estimate. Household’s perception was not used to measure affordability of an RWH 
system, but only used as an indication of household willingness to adapt RWH system 
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as a more sustainable water source. This is because even in developed countries, 
governments provide subsidies to households who install RWH systems (Gato-
Trinidad & Gan 2014). 
 
(a) Household A individual RWH system 
 
(b) Household B individual RWH system 
 
(c) Household C communal RWH system 
Figure 8-2. Rainwater harvesting system installed in Kampung Cimahi 
Toilet 
Water 
  tank 
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  tank 
Toilet 
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The RWH systems were installed locally such that the same systems could be easily 
rebuilt is there was interest. Except for the 5100-litre water tank (for communal 
system), which needed to be ordered from a distributor in Jakarta, all other material 
was sourced locally and constructed using local labour. The total installation cost 
included costs for material and labour.  
8.2.2. Water consumption  
One of the key point of accepting RWH as a reliable water source is whether the 
collected rainwater is available for the entire year. For this objective, we installed a 
water meter in each house and recorded consumption rates. Household 
consumption rates were compared against minimum water requirements. For 
example, WHO (Howard et al. 2003) refers to 20 lpcpd  as the requirement for basic 
access, Gleick (1996) proposed 50 lpcpd as a fundamental human right, and the 
Indonesian government (The Ministry of Home Affair Regulation, Permendagri 
23/2006) states 60 lpcpd or 10 m3 per household per month as the requirement for 
drinking purposes. Before the RWH systems were installed, there were no reliable 
water sources for the affected households. Therefore, the RWH systems were 
intended to be households’ first main water supply, and was considered as a reliable 
water resource if can meet WHO’s target for basic access or at least 20 lpcpd 
throughout the whole year.  
8.2.3. Water quality  
Rainwater was assumed to be of lower quality than water from other common 
sources (Song et al. 2009). Moreover, as Kampung Cimahi is located close to industrial 
estates, this perception maybe stronger with the local population. Therefore, we took 
runoff samples once per three months from a tap of each RWH system and examined 
the samples at a government laboratory and compared the results against the 
Ministry of Health Regulation, Permenkes 492/2010 and Indonesian clean water 
standards, Permenkes 416/1990.  
8.3. Result and discussion  
8.3.1 Installation Cost  
The RWH harvesting systems were installed in three locations, 2 individual systems 
at Household A and Household B, and 1 communal system at Household C. In 
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Household C, C and his families lived in five separate houses but clustering in one 
location.  
Table 8-1. RWH descriptions and installation costs 
Descriptions 
Locations 
 Household A Household B Household C 
Water tank capacity (litre) 1,050 1,050 10,200 
Construction time (day) 1 2 7 
Number of connections (house) 1 1 5 
Number of person supplied 5 6 13 
Total installation cost IDR 3,563,000 
(USD 258) 
IDR 6,039,000 
(USD 438) 
IDR 28,977,500 
(USD 2,100) 
Water tank IDR 1,550,000 IDR 1,550,000 IDR 14,850,000 
Other material IDR 1,793,000 IDR 4,049,000 IDR 11,607,500 
Labour IDR 220,000 IDR440,000 IDR 2,520,000 
 
8.3.1.1. Individual RWH system  
The property of Household A was the smallest (about 40 m2) and there were no other 
choice but to locate the water tank next to the toilet (Figure 8-2(a)). Roof gutters 
were installed which directed roof runoff into the water tank. The property of 
Household B was about twice the size of Household A and therefore had adequate 
space (Figure 8-2(b)). Gutter and downpipes were installed which directed the runoff 
into the water tank which was placed at the back of the house, close to the toilet. 
Both individual RWH systems were installed by two labourers. Household A RWH 
system, which was simpler, was installed in one day at a cost of about IDR 3,563,000 
(Table 8-1). Household B RWH system, which used downpipes and needed longer 
piping system, was installed in two days and cost IDR 6,039,000 (Table 8-1). 
The average cost of installing the individual RWH system, which is about IDR 
5,000,000, was used as a benchmark in a survey of 20 households in Kampung Cimahi 
to gauge the willingness to install similar RWH systems among the local residents. We 
found that only 2 households (10%) were willing to install such RWH systems. Most 
of the households who were unwilling to install the RWH system referred to 
installation costs as too expensive (70%), or reported that they already had makeshift 
RWH system (15%).  
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Figure 8-3. Household A monthly water consumption per capita per day 
 
Figure 8-4. Household B monthly water consumption per capita per day 
 
 
 
Figure 8-5. Household C monthly water consumption per capita per day 
 
When compared to household expenses to buy water from vendors, the existence of 
RWH system is beneficial. At the current price of buying water from vendors of about 
IDR 80,000 per m3, each household will meet its break-even point in less than 2 years, 
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assuming that each household maintains the same consumption rates, and electricity 
cost and maintenance costs are neglected. The RWH systems components have 
useful life of more than 25 years, except for the pump (in the communal system) 
which is 10 years (Gurung, Sharma & Umapathi 2012). Therefore, RWH systems are 
able to remaining functional beyond the breakeven point. However, the capital cost 
of installing an individual RWH system can be up to two times a household monthly 
income. High cost was also reported as the reason why some households in Australia 
did not install RWH systems (Rahman, Keane & Imteaz 2012). In Australia, the cost 
barrier was overcome by adopting a rebate scheme for households willing to install 
RWH systems (Gato-Trinidad & Gan 2014; Rahman, Keane & Imteaz 2012). Such a 
scheme can also be adopted by Indonesian government to enhance the use of RWH 
system, especially in places where piped water service and shallow groundwater 
deposit are rare or absent. 
8.3.1.2. Communal RWH system  
Rainwater in Household C (Figure 8-2(c)) was connected from gutters which were 
attached to roofs of five houses and directed into the water tank via downpipes. The 
water tank, which are two 5100-litre tanks, were located at the back of the premises. 
This system took three labourers over five days at a cost of IDR 28,977,500 to build.  
During construction, it was found that the water tanks were higher than the roofs, so 
that we dig the ground to allow the tank to be at the same high as the roof. Due to 
the lack of sufficient gradient for supply to be gravity fed, a water pump had to be 
installed which was agreed by the owners. Before the construction, the households 
were asked if they were willing to install filtration systems to raise the quality to 
drinking standards, which would incur recurring replacement costs. The households 
chose not to install the filter, choosing instead to boil the harvested water or buy 
refilled water for consumption.  
8.3.2 Water consumption  
Figures 8-3, 8-4 and 8-5 show the households’ monthly water consumption rates. The 
graphs show that water consumption patterns fluctuate over time and across 
household and red colour indicates that rainwater collected for that month was not 
enough to cover household’s consumption needs. Before the RWH systems were 
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installed, all households either obtained their water from rainwater collected in pails 
or containers, nearby ponds or purchased from vendors. The water consumptions per 
capita per day was 21.6 litres in Household A, 23.1 litres in Household B and 25.4 
litres in the communal system on average. Since the RWH systems were installed, the 
average water consumption per capita per day increased to 23.4 litres (80% from 
RWH) in Household A, 24.9 litres (84% from RWH) in Household B, and 52.9 litres 
(94% from RWH) in the communal system. Clearly, installation of the RWH systems 
has encouraged households to increase their water use. Also, this result shows that 
even though the communal RWH system is more expensive than the individual ones, 
the per unit cost is acceptable, which is consistent with other studies on communal-
based RWH systems (Gurung, Sharma & Umapathi 2012).  
By WHO standards, all households were able to fulfil their basic access needs of 20 
lpcpd before the RWH system. This however came at a higher running cost, either 
from having to buy from vendors or time spent fetching water from ponds. Since the 
RWH systems were installed, the households were able to fulfil their basic access 
needs without incurring additional expense in cost and time. Most notably, the 
communal system were not only able to meet their basic needs, but also the 
fundamental human right level of 50 lpcpd (Gleick 1996).  
From the consumption patterns (Figure 8-3 to 8-5), it seems that the RWH systems 
are not a reliable water supply because there were times where water was not 
available in the tank, so that households needed to top up water during dry seasons. 
However, the households’ water consumption pattern fluctuated drastically which 
would be a factor contributing to water shortage. Notwithstanding these peaks in 
demand, we estimate that the total rainwater collected can supply 19.7 lpcpd for 
Household A, and 21 lpcpd for Household B which are not far from meeting WHO 
basic access standards (Howard et al. 2003). For the communal system, it can provide 
49.8 lpcpd per month, which is only marginally short of fundamental human right 
level (Gleick 1996). These data show that the RWH systems can be a reliable domestic 
water supply in Cikarang throughout the whole year and when there is a shortfall, 
households can supplement their water needs from other sources. 
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Table 8-2. Rainwater quality 
Parameter Unit 
Maximum 
Standard for 
Drinking 
Water *) 
Maximum 
Standard for 
Clean Water 
**) 
2015 2016 
November February June August 
Household 
A 
Household 
B 
Household 
C 
Household 
A 
Household 
B 
Household 
C 
Household 
A 
Household 
B 
Household 
C 
Household 
A 
Household 
B 
Household 
C 
Microbiology 
   
       
 
  
 
 
Total Coliform (for 
reticulated system) 
Colony/ 
100 ml  
0 10 NCR (23) NCR (43) NCR 
(1100) 
NCR (10) NCR 
(>1898) 
NCR 
(>1898) 
NCR (27) NCR (27) NCR 
(>240) 
NCR 
(>1898) 
NCR 
(>1898) 
NCR 
(>1898) 
Faecal Coliform Colony/ 
100 ml 
0 0 √ NCR (43) NCR (210) NCR 
(4) 
NCR 
(19) 
NCR 
(438) 
√ √ √ √ √ √ 
Physical 
   
       
 
  
 
 
Colour TCU 15 50 √ √ √ NCR 
(21) 
NCR 
(20) 
NCR 
(26) 
√ √ √ √ √ √ 
Temperature 0C ± 3 air 
temperature 
± 3 air 
temperature 
√ √ √ √ √ √ √ √ √ √ √ √ 
Turbidity NTU 5 25 √ √ √ √ √ √ √ √ √ √ √ √ 
TDS mg/ l 500  √ √ √ √ √ √ √ √ √ √ √ √ 
Chemical 
   
       
 
  
 
 
pH 
 
6,5-8,5 6.5 - 9 √ √ √ NCR (6.24) √ √ √ NCR (6.3) √ √ NCR(6.39) NCR(6.07) 
Iron (Fe) mg/ l 0,3 1 √ NCR 
(0.75) 
NCR 
(0.38) 
√ √ √ √ √ √ √ √ √ 
Alkalinity (CaCO3) mg/ l 500 500 √ √ √ √ √ √ √ √ √ √ √ √ 
Chloride (Cl) mg/ l 250 600 √ √ √ √ √ √ √ √ √ √ √ √ 
Total Chromium (Cr) mg/ l 0.05 0.05 √ √ √ √ √ √ √ √ √ √ √ √ 
Nitrate (N03) mg/ l 50 10 √ √ √ √ √ √ √ √ √ √ √ √ 
Nitrogen dioxide 
(N02) 
mg/ l 3 1 √ √ √ √ √ √ NCR 
(8.49) 
√ √ √ √ √ 
Sulphate (SO4) mg/ l 250 400 √ √ √ √ √ √ √ √ √ √ √ √ 
Manganese (Mn) mg/ l 0,4 0.5 √ √ √ √ √ NCR 
(0.69) 
√ √ √ √ √ √ 
Organic compounds mg/ l 10 10 √ √ √ NCR 
(14.3) 
√ √ √ √ √ √ √ √ 
*) According to Permenkes 492/2010 on drinking water standards.     √ = complying result 
**) According to Permenkes 416/1990 on requirement and monitoring on water quality.    NCR= non-complying result with value in the bracket. 
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8.3.3. Water quality  
Although the harvested rainwater was not intended for potable use, nevertheless, 
water quality monitoring was planned to determine the quality of the harvested 
rainwater. Monitoring was conducted four times in a year (once every three months) 
by taking one sample from each location during sampling and analysed in a 
government laboratory.  
The result (Table 8-2) shows that all water samples did not meet total coliform 
standards, even for clean water requirement as expected by the Permenkes 
416/1990, and there are some months where water samples also did not meet 
physical or chemical criteria. However, when compared to water quality from other 
water suppliers in Cikarang, the quality of rainwater samples was not too different. 
For example, groundwater samples which were distributed by piping distribution 
system in some community based water supplies were also found to be 
contaminated by microbiological, physical and chemical substances (Roekmi, 
Baskaran & Chua 2018), so did water samples from local pipe water supplier 
(BPPSPAM 2016c). Roof runoff is inherently a clean source of water as the runoff has 
not had the opportunity to wash off contaminants found on the land surface.  
The pH in the RWH tanks was slightly low, perhaps due to emissions from the 
surrounding industrial areas. Lower pH values between 6 – 6.5, can be corrosive to 
the distribution system (WHO 2017a). However, this is not a significant factor in RWH 
systems. In spite of these challenges, the appearance of the harvested rainwater was 
clear and the households were comfortable to consume the water after boiling, with 
no complaints about the taste of the water. Studies have shown that boiling the water 
could provide safe drinking water as long as the boiled water was stored well (Sodha 
et al. 2011; WHO 2015).  
8.4. Conclusion  
The study shows that the performance of RWH systems are not worse than other 
water from other sources. From water consumption aspects, RWH can be a reliable 
water source able to meet WHO requirements throughout the whole year. From 
water quality aspects, the quality of the harvested rainwater was not too different 
from other water sources, and can be boiled for consumption if needed. However, 
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the capital cost to build an RWH system might be costly for common households, but 
if the local government can apply a rebate scheme, this might help to encourage the 
use of RWH system as a more sustainable water source at domestic level. However, 
compared to an individual system, a communal RWH system is preferable. Even 
though the installation cost is higher than an individual RWH system, it is per unit cost 
is lower. 
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Chapter 9. Conclusion and Recommendations 
 
9.1. Summary and Conclusion 
The MDG and the SDG water targets were established to solve the world water crisis. 
From the evaluation of MDGs drinking water target, the SDG water targets came with 
a revised methodology to measure target achievement and additional important 
targets which were previously not included in the MDGs. These include extending the 
use of more sustainable water sources (SDG 6.A) and promoting community 
involvement in water management (SDG 6.B). The achievement of SDG water targets 
which was measured at national level, was a collective condition of urban water 
management at city levels governed by municipal governments. Chapter 3 described 
the complexity of urban water management in Cikarang, which compared to urban 
water management practices in cities in developing countries, the conditions (for 
example fragmentation of urban water supply) were quite similar. These conditions 
reflected the need of further intervention to improve urban water management in 
cities in developing countries, because the achievement of SDG water targets at 
national level could not be accomplished without significant contribution from 
municipal governments.  
In Chapter 4, we acknowledged that monitoring of water quality performance, which 
is mandated as a tool to assess the safety of water supply delivery was limited, thus 
the ability of WSP to deliver safe drinking water could not be assessed by this 
approach. However, a customer-perception survey carried out to evaluate the piped 
WSP performances based on four SDG-related indicators: water continuity, supply 
pressure, water quality and tariff affordability showed that the performance of 
sampled piped WSPs were varied. Most customers were of the opinion that WSP 
performed at the level they expected, and they reported that a large-scale piped WSP 
operated by new town developers performed best, while the PDAM TB (government-
owned WSP) performance was low. This chapter showed that in the absence of 
performance monitoring, which researchers identified as complicated and expensive, 
a customer perception survey, can be implemented to gain initial information about 
WSP performances. 
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The assessment on CBWS performance based on Ostrom design principles showed 
that the management of all the five sampled CBWS institutions were very poor, 
except for one with low level management. This condition is not a positive outcome 
for the sustainability of CBWS institutions themselves and the community they 
served. When the CBWS institutions collapse, communities who rely on the CBWS 
water supply will return to less reliable water sources. Moreover, the CBWS 
institutions could not maintain the requirement of water quality and the 
sustainability of groundwater as their water sources. This discussion was presented 
in Chapter 5. 
Lack of monitoring of WSP performance, improper monitoring by WSP, and 
reluctance to immediately correct water supply distribution when monitoring result 
went wrong, as described in Chapter 6, were factors that contribute significantly to 
the low performance of urban water supply, resulting in water being delivered at 
non-potable standard. On the other hand, even when water was delivered at potable 
quality, most customers were reluctant to drink directly from tap. This condition 
existed persistently in Cikarang and might not change in the near future. This 
comparable with other cities in Indonesia (and other developing countries) because 
of their similarities in urban water management. Therefore, it suggests the need of 
non-potable water standard to be applied, to bridge the gap between urban water 
supply practices and the SDG drinking water target.  
In Chapter 7, we discussed about the balance between the provision of human rights 
to water (SDG 6.1) and the need for water conservation (SDG 6.A), which was 
implemented by the water-demand approach. Water conservation was one of the 
additional targets not originally included in the MDGs. From this research, it was 
found that, while the human right to water for most of Cikarang population was 
fulfilled, populations who relied on water vendors spent money on water that was 
beyond the affordability index. On the other hand, populations who had access to 
good piped water services did not contribute to water conservation by implementing 
the water-demand approach.  
Apparently, the low performances of piped WSPs in Cikarang, occurred as a result of 
centralized systems which was criticised as costly and required sophisticated 
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technical capabilities to maintain. This is mostly absent in piped WSPs in Cikarang or 
other cities in developing countries, as mentioned in Chapter 2. A more sustainable 
decentralized system, for example RWH system is proposed. This system should also 
be the alternative water source for population without proper water supply as 
mentioned in Chapter 7. Currently, this approach is unpopular in Indonesia due to its 
tropical climate with six months dry season that made people underestimate its 
capability to supply water annually. In Chapter 8, the research showed that individual 
or communal RWH system can supply at the minimum of basic need standards as 
long as consumers maintain their consumption level. However, the significant cost of 
building the system, meant that government subsidies were necessary to finance the 
system. 
Apart from the contribution of this research to urban water management in Cikarang 
and other similar cities in developing countries, this research also provided a 
significant contribution to the body of knowledge: 
• Firstly, it defined a customer perception method to indicate piped WSP 
performance. This method can be used as an initial tool to assess WSP 
performance when performance monitoring is absent. In this thesis, customer 
perception was used to measure four indicators: water continuity, supply 
pressure, water quality and tariff affordability, although it did not perform well 
with tariff affordability. However, to get better view about the technical 
performance of piped WSP, it is recommended to conduct performance 
monitoring survey by visiting houses and measuring for water continuity, supply 
pressure and water quality with greater number of sampled households.  
• Second, this thesis presented the use of a modified Quinn et al. (2007) formula 
to measure the robustness of a CBWS institution based on Ostrom principles. It 
added the indicators of water quality and tariff affordability to measure the 
robustness of CBWS institutions.  
• Third, this thesis proposed a new standard for water quality for domestic use, 
the non-potable water standard. It should be used for monitoring water quality 
of a WSP which deliver water for domestic activities other than drinking, such as 
washing clothes, bathing and cooking. For this to be accepted, there needs to be 
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further research to define the maximum value for each biological, physical and 
chemical parameters needed for non-potable water.  
• Last, this thesis demonstrated that a RWH system in tropical countries could be 
used to supply minimum safe water requirements so long as households manage 
their monthly water consumption. 
9.2. Recommendations 
The evaluation of SDG water targets above suggested the following 
recommendations to improve urban water management in Kabupaten Bekasi and 
other cities in developing countries that have similar characteristics:  
• Performance improvement is required from all piped WSP, especially in water 
continuity, supply pressure, water quality, and tariff affordability. Specifically, 
further assistance from the government, either the provincial or municipal 
agencies, is essential to improve CBWS performance and to sustain groundwater 
as their water sources. 
• Government surveillance is necessary to ensure piped WSPs meet the standard 
requirement. Therefore, a new performance monitoring protocol for water 
continuity, supply pressure and tariff affordability should be mandated in 
addition to water quality monitoring protocol that currently exist. When MHA 
found it difficult to be the authorise institution to conduct the surveillance, as 
currently is, the municipal government has an option to establish an independent 
body to take the responsibility. 
• Establishment of new water quality standards for domestic water supply for non-
potable usage.  
• At household level, governments should promote the use of water-efficient 
devices and providing subsidies for those who adopt a RWH system,  
All the above recommendations should be implemented properly, and not partly as 
current practices. It means that when the monitoring standard for water quantity, 
supply pressure, water quality, and tariff affordability is approved as a regulation, 
then the requirement should be conducted diligently. When there is a deviation from 
standard requirement, there should be an action to correct the problem immediately.  
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Also, when a WSP violates the standard, there should be a following action from the 
authorise institution to ensure the requirement is met. 
Lastly, the research lead to determination of further research: 
• Discussion about the "world water crisis" in the singular does not reach all the 
audiences because most of the roots of water supply issues emerge at local 
level. Therefore, urban water management analysis at local scales are still 
needed to create better understanding of global water issues. 
• This research discussed causes of low performances of piped WSP services 
and describes technical issues that contribute to low performances. We have 
not investigated the possibility whether management issues of piped WSP 
(except the CBWS institutions) also contribute to piped WSP low 
performances, this could be a topic of future research.  
• This research found that currently piped WSP delivered water below drinking 
water quality standards, and this condition might not be improved in the near 
future. Therefore, we recommend a study that define parameter thresholds 
for clean water standards where water is needed to be boiled or filtered 
before consumptions.  
• This research and some other research (Bakker et al. 2008; Fuente & Bartram 
2018) found the persistence of income disparities underpin the failure to 
meet the SDGs drinking water target. A lot of work (such as distribute proper 
water access for the poor or design better affordability scheme) is left to be 
done to better understand these issues. 
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